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THE EFFECT OF OVER-ACTIVITY ON THE MORPHO- 
LOGICAL STRUCTURE OF THE SYNAPSE 

knO\ASU MAKUI 
Sendai Japan 

A cUTologial Laboratory pf the Henry Phipps Psychial ir Clinic Johns Hopkins 
Hospital Baltimore lifd 

FOUItTEFN FirURES 

INTRODUCTION 

Investigations on the histological manifestations of the nerve 
cell m fatigue hn\e long been familiar to us Numerous authors 
have brought contributions to this important and interesting 
subject If we take for granted, as Sjoeval declared, that the al- 
teration of nerve cell in tetanus is to be regarded as the effect of 
activity, the number of references becomes even more abundant 
It would suffice to point to those works of Hodge (14, 15 1G), 
A r as (33), Mann (23), Lugaro (29), Sjoeval (32), Dolley (17, IS, 
19), and many others There is almost a complete agreement or 
the point, that over-activity causes appreciable histological 
alterations in the nerve cell Kocher (19), who studied the^affu 
subject in our laboratory, could not, strangely enough/ 
quahtativ e and quantitative changes in the histological cj^icteri 
between the fatigued and resting nerve cells Re^ntly Saito 
undertook an exploration in the same line in thfe/Qimc, but the 
results are not published y r et J/ 

Compared with the abundant rcscarches^on the ncurocyto 
logical manifestations, there has been no attempt made to inves- 
tigate the histological alteration of the symapsc in fatigue, as far 
as I know Not only in regard to ov er-actmtv , but also m other 
pathological conditions, the lnstopathological changes of the 
synapse have been the topic of very few investigations And no 
wonder, for the structure of the symap^c had not yet been con- 
clusively demonstrated even in the normal condition, despite 
2o3 
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The experiment consisted in forced actuity of the fish, earned 
to the most nd\anced stage of fatigue, the experimental fish was 
placed m a jar 7 5 inches m diameter and about S 5 inches m 
depth and then the water m the jai was continual stirred b> 
running w ater, w luch came with high pressure from a faucet The 
fish swims in the stirred water, trying all the time to hold its 
equilibrium According to Bartelmez (3), the Mauthner cell 
participates in the cquilibratorj reflex, so it was supposed that 
in this experiment the Mauthner cell would be forced mto con- 
tinuous activity r he duration of the experiment \aned re- 

mark abty in each fish (from 24 to 98 hours) At first the fish 
swims actnely and is able to hold its equilibrium \er> well, but 
grgdualty it gets tiled and in the final stage of the experiment it 
is dopmed of the ability of balancing so that it is mo\ed pas- 
su cty tumbling around in the stirring water tins time if we 
stop the running w ater for a moment the fish w ould lie on its back 
or on one side, showing no attempt to maintain its upright pos- 
ture As the sign of utmost exhaustion I chose a test, which con- 
sisted in holding the fish upside down b} its tail in the water as 
well as m the air In the most adaanced stage of exhaustion the 
fish did not flap at all even in tins test 
r lhc fish was then decapitated and bled the brain was quicklj 
but carefully dissected out and fixed in 10 per cent formalin, for- 
mol 7cnker fluid and alcohol (95 per cent), rcspectuel} The 
resting control fish w is killed at the same time and the brain was 
manipulated in quite the same waj as the fatigued brain It 
must be emph isized also that the material was nlwa\s fixed fresh 
and that material from fish which died was not examined 

From the material thus obtained, the following preparations 
w ere made w ith the same technique as w as described in mj recent 
publication 

1 lluonm-co^m preparation (1 series eicli of normal and 
fatigued brains) 

2 rohudm blue preparation (5 senes each of normal and 
fatigued brains) 

3 Heidcnliam preparation (b senes each of normal and 
fatigued brains) 
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4 Le\aditi preparation (14 senes each of normal and fa- 
tigued brains) 

5 Bielschow sky preparation (6 series each of normal and 
fatigued brains) 

6 Cajal preparation (5 senes each of normal and fatigued 
brains) 

Besides these I used the following stains in the present w r oik 

7 Scharlach stain (5 senes each of normal and fatigued biam) 
The fish brain was fixed m 10 per cent formalin twenty-four 
hours, rinsed wnth water, cut at 15/x with the freezing micio- 
tome The sections were stained in saturated solution of Schar- 
lacli R in 70 per cent alcohol, rinsed with distilled w ater, counter- 
stained with diluted Ehrlich’s hematoxylin solution, washed 
again, and mounted m glycenn As there is only one pan of 
Mauthner cells in a fish brain, it was rather hard to get the sec- 
tions m which the Mauthner cell is found 

S Mallory preparation (5 senes each of normal and fatigued 
brain) In this preparation the brain was fixed first in 10 per 
cent formalin tw enty-four hours and then placed in formol-Zenker 
fluid twenty -four hours Paraffin sections 5 to 8/i thick were 
stained with a diluted solution of Mallory’s hematoxylin 

9 S -fuchsin-hght green stain (5 senes each of normal and 
fatigued brains) Brains were first fixed in 10 per cent formalin 
twenty -four hours and then placed for eight day r s in the chromic 
acid acetic acid mixture Paraffin sections of 5^ w ere treated as 
follows 1) Remo\e paraffin from the sections and pass to 96 
per cent alcohol 2) Place sections for one hour in a saturated 
aqueous solution of S-fuchsm in the incubator at 58°C 3) Wash 

twice with distilled water, till no more stain comes out of the 
sections 4) Dip the slides in motion 10 to 20 seconds in the 
following solution 

Saturated alcoholic solution of picric acid 30 
Aqua destillata 50 

5) Rinse carefulh twice m water 6) Place the slides in a sat- 
urated aqueous solution of light green twenty minutes The sec- 
tions were then washed wnth water, dehydrated \ery quickly' and 
passed into xylol 
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In all 122 senes of normal and fatigued brains form the basis of 
the present article 

ON TIIE INTERN AT MORPHOLOCV OF THE M YUTHNTR CELL AND ON 
THE MINUTE STRUCTURE OF THE \ VP«E 

Undei this heading I mil make a feu notes on the internal mor- 
phology of the Mauthner cell (figs 1 and 2) and on the structure 
of the synapse, which are necessary as the foundation of the fol- 
lowing statement and were not yet described in my recent pub- 
lication Nissl bodies are distnbuted e\enly tlirough the cell 
body and bases of the dendrites, lea\ ing free only the o\oilc hil- 
lock They are relativ el\ small as compared with those m the 
motor cells and very numerous, as Bartelmez (3) stated The 
Nissl substance is found in the shape of variably long striae and 
is arranged generally parallel to the contour of the cell body and 
in part also to the surface of the nucleus The remaining stam- 
able substance is irregularly scattered and is more or less short, 
some of it is spheroidal The spindles were found especially^ on 
the surface of the cell and in the larger dendrites The so-called 
nuclear caps did not come to my observation The a\one hillock 
is entirely free from stainable substance and marked off by a tol- 
erably sharp curved plane from the granular protoplasm of the 
cell body r and shows at its margin a layer of especially fine gran- 
ules The nucleus of the Mauthner cell differs in no essential 
from the ty pical nuclear structure of the nerv c cell 

As was precisely stated in my recent communication, the 
sy napse of the Mauthner cell is penetrated by the Golgi network, 
which is formed by the arborization and the reunion of the deli 
cate processes of the neuroglia cells in and about the ‘axone cap ’ 
It was also accepted that the Golgi network is to be attributed 
to that category of the neuroglia tissue, which Held (24) termed 
as the reticular glia tissue formed by the somewhat modified plas- 
ma of the glia cell Furthermore, I paid special attention m that 
paper to the histological structure of the nerv ous elements of that 
synapse and the relation of the latter to the Golgi net We may 
therefore pass directly to the description of the finer structure 
of the glia cells themseh es and the condition of the capillaries in 
this sy nap^e 
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The neuroglia nucleus is surrounded b\ a 'vnnoush wide bor 
der of protoplasm, which latter tends protoplasmatic processes 
m different directions The process itself ramifies and becomes 
more and more delicate, until it passes into the beams of the Golgi 
net or becomes attached to the wall of a capillarv This picture 
could \er> clearly be obsened m the Le\aditi preparations 
Heidenhain preparations of formalin material, Mallon and ncid- 
fuchsin-hglit green preparations In the Heidenhain and tluonin- 
cosm preparations of formol Zenker material a similar condition 
was demonstrated, although it was not o clear as m the abo\e 
mentioned preparations 

Iho protoplasm of glia cells was brought out fa^orabh in tlu 
thionm eosm preparations, Heidenhain prepaiations Mallon and 
acid-fuclism light gieen preparations Tlicrc are two different 
ty pcs of neuroglia cells, in one type the protoplasm is \ er} scant} 
so that the glia cell shows a small round cell body, while m another 
tvpe we find a large mass of protoplasm mound the nucleus I he 
neuroglia nuclei are sometimes connected with cich other not 
means of the Golgi net substance, but bj a \ anousl} broad mass 
of granular protoplasm I should mtcrpict this as the result of 
amitosis which is obsen cd now and then m the s^ napse It must 
be posituclj emphasized here, however that all the glia cells of 
the sj napse belong to one reticulum and tint there is no cell jjjdi- 
Mdual among them in normal biams The structuie of the glia 
nucleus liardl} calls for a description eveept that sometimes it 
shows cudcnccs of amitosis, as Bartelme/ (3) aho stated Cap 
lllancs are found here and thcie in and about the sjnap c of the 
Mruthner cell The} do not ofTei an> thing particular in their 


i lie figure** 1 to S art. the unrolouched photomicrographs taken from <Iifftr< nt 
preparations of both the control and the fatiguid \nn lurus hr uni In figure 
2 and > nn npochroinatic Zei«s ocular no 4 and A iss objtt tin Diurcu id others 
were taken with the Fame octil ir and a Ai s nun trsion i fin length of be I 
lows was 00 cm in all tlu* photomicrographs The figures f to U we ri drawn from 
different preparations of fatigued \inciurus brains using the Vbbc camera lucida 
(Am s apocbromatic ocular no 1 Zuss oil ummronn A tube length ’O cm ) 
l ig 1 loluidm hlue preparation (alcohol n ate null (control fishj 
Tig 1 Thionm*eo in prcparatim if mini Amkir matin ill (control fish) 

1 ig 3 Toluidin blue pre pnration (ah >ht l nt it rial* fdigtirl) 
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structure and consist of endothelium and ad\entitia with very 
few nuclei Vs already remarked, the adventitia of the capillary 
is connected with the ba^es of the reticular beams, but I was not 
able to distinguish the pern ascular limiting membrane of Held as 
a membrane separated from the adventitia, so that I could not 
find the so-called perivascular lymph space between them m 
normal fish brains 

TUP 1HSTOT OGICAX \I VXITI STATIONS OriHK MXUTHNER CLLL 

IN rVTIGUE 

To recapitulate and discuss the results of other authors heie 
would go be\ond the purpose of the present woik, my lemarks 
will be restricted to my main results of 1 m estigation 

The cell body of fatigued cells was found either m the state of 
turgescence (figs 3 and 4) or of shrinkage (fig 5), m the foimer 
case the cell border w as com e\ betw een the dendrites and the den- 
drites appeared shorter, whereas in the latter the cell border was 
concn\ e and the dendrites looked longer I agree w ith the opin- 
ion of Yas (33), Mann (23), Lugaro (21), Pugnat (26) and Holm- 
gren (17), that the enlargement of the cell body is to be consideied 
as the manifestation of activity and the shrinkage as that of ex- 
haustion In this way the results of Hodge (14, 15, 16), which de- 
\iatc from those of others, might well be interpieted Dolley (7, 
D) described the fluctuations of the size of the cell body m the 
course of activity, but I ha\e a little doubt about his statement 
that in later stages the absolute size of the cell body increases 
steadily to the end The alteration of the Nissl substance mani- 
fested itself in more or less ad\anced stages of chromatolysis, as 
was described by Yas (33), Lambert (20), Mann (23), Lugaro (21, 
22), and mam others, and thereby the cytoplasm w r as stained vari- 
ously deeply (figs 3, 5) The Nissl bodies were found in a state 
of fragmentation, shortening, and irregular distribution, in the 
advanced stage of chromatolysis they were reduced to fine gran- 
ules or e\ en to a homogeneous substance Sometimes I obscrv ed 
the central beginning of the chromatoly'sis, as was stated by Vas 
(33), Mann (23), and, in tetanus, by Sjoeval (32) 
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1 ip -t Tolu id in blur preparation (alcohol material) (fatigued) 

1 ip 5 riutinin-rosm preparation (formol 7cnker material) (fatigued) 
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The nucleus was sometimes located m the centei of the cell body 
but in many cases it vv as situated moi e or less eccentrically, as vv as 
described by many others — Vas (33), Lambeit (20), Sjoeval (32), 
Holmgien (17) Moiphologically, the nucleus showed now and 
then no particulai change, but m other cases it was found eithci 
swollen or sin unken The swollen nucleus appeared laige and 
lound and showed a smooth nucleai membiane, wheieas the 
shrunken nucleus showed inegular shape and a cienated mem- 
brane Vas (33) observed always an enlaigement of the nucleus, 
while Hodge (14, 15, 15, 16) found legulaily the slmnkage of the 
lattei Lugaro (21), Mann (23), Pugnat (26), and Holmgien (17) 
declared on the basis of their study that actmty causes tuiges- 
cence followed by slmnkage in exhaustion Sjoeval (32) denied 
the pathological significance of tlus finding foi the leason that he 
observed those nuclei also in the cell w Inch show ed no change m 
particulai I think those manifestations of the nucleus aic to be 
attributed to diffeient. stages of activity, Dollcy (9) also dcclaied 
that the nucleus shows fluctuations of si7e in the couise of 
activity 

The nucleolus was found mostly ecccntnc in the nucleus, al- 
though this was the case also in some icsting neive cells It was 
sometimes obsened swollen (fig 4), in otliei cases it showed an 
megulai shape, oblong oi angular (fig 5) Mann (23), Lugaio 
(21), Luxembuig (22) obsened the enlargement of the nucleolus 
during activity, it disappear latei in exhaustion (Mann (23), 
Luxembuig (22)) Goldscheidei and Flatau (12, 13), and Sjoeval 
(32) confiimed this in tetanus Matlies (25) obsened the nu- 
cleolus of angulai shape as I did, the objection, that it might be 
the deceptive appearance caused by the granules above or be- 
neath the nucleolus, could not come in question in my cases 

As a most peculiar manifestation of the nucleus figuie 5 was 
presented, the nucleus is ven laige compared with the size of the 
cell bodv /the nuclear membiane is marked sharply and the nucle- 
olus itself is small and show s an ellipsoid shape Besides that 
there is a deeply blue-stained substance of triangular shape and 
the remaining space of the nucleus is filled with compact acido- 
plnle substance The nucleus show n m figure 0 might come under 
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the same category of nuclear change, we observe here besides the 
nucleolus a rod-shaped substance w Inch shows a staining reac- 
tion similar to that of the nucleolus, although I am not sure 
about tins, as it is from a Le\ aditi preparation As far as I know , 
no such picture of the nucleus has been described before, figuie 8 
of Dolley’s (7) publication demonstrates a cell, the nucleus of 
which shows a deeply stained spheroidal substance besides the nu- 
cleolus, but Dolley did not mention anything about that in the 
text or m the description of the plate Whether this kind of mani- 
festation of the nucleus is to be regarded as the alteration of double 
nucleolus, which latter is iret. not infrequently, or can be attrib- 
uted to a special appearance of the nucleus in fatigue, I can- 
not tell 

Holmgren (17), Sjoeval (32), and others found the stainable 
substance massed about the nuclear membrane, and forming either 
an irregular or a complete ring I also observed the same phenom- 
enon in many cases (fig 3), the nuclear membrane was out- 
lined b} r a delicate blue-stained line or a large mass of stain- 
able substance in a different portion of its circumference, giving 
the picture of a half-moon Sjoeval and Holmgren interpreted 
this as a restitution phenomenon of the tigroid substance, Dolley 
(7) also regarded it as a sign of greater nuclear acti\ lty I agree 
w ith the opinion of these authors Holmgren (17) observed besides, 
that the nucleolus and the nuclear granulation emigrate from the 
nucleus into the cell body The emigration of the nucleolus never 
came to my observation, the case, however, from which figure 4 
was reproduced may indicate the emigration of stainable sub- 
stance from the nucleus into the cell body The nucleus as w ell 
as the cell body is sw ollen m this case, and the nucleolus is also ex- 
tremely swollen, and we find many blue-stamed granules going 
out of the nucleus into the cell protoplasm On the other hand, 

I found also the accumulation of the acidophile substance in the 
nucleus (fig 5) On the basis of these findings I should agree 
also with Holmgren, w ho came to a conclusion that a mutual inter- 
change of substance takes place between nucleus and cell proto- 
plasm in actiuty On the ground of Richard Hertwig’s doctrine 
of nucleus-plasm ratio, Dolle} (G, 7, S, 9) measured the size of cell 
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body and nucleus of ner\ e cells in activity and divided the cells 
into man> stages of alteration \s I did not undertake the meas- 
urement of the cell body and nucleus, I wall not go further into 
details of Dollcy’s work, but his method of division is, as he him- 
self admitted, an arbitrary one, and I found manj cells which can- 
not be assigned to any of his stages Furthermore, I am afraid 
that in his interpretation of things, facts are linked with hypo- 
thetical considerations which arc not dircctlj obsenablc 1 will 
be satisfied in the present work, if I can make sure that the 
Mauthner cell, the synapse of which is the material of this study, 
manifests appreciable changes in fatigue 

THE IIISTOLOt I CAL M YMTESTATIONS OH lit S\N\IS1 IM Y1ICUI 

In these experiments winch consist m forced activity, although 
it goes far beyond the physiological limit, attention was direct- 
ed from the first, not only to the nervous constituents of the 
synapse directly, but also and especially to the manifestations in 
the glia tissue, which shows the changes of the functioning nerve 
tissue m an indirect way r It was hoped that through the study 
of the histological manifestations m fatigue some light would be 
thrown upon the problem, concerning the function of the neurog- 
lia cells m the state of physiological activity I shall first de- 
scribe the findings m the synapse of the Mauthner cell in fatigue 
and later go o\ er to the consideration of the significance of the 
manifestations 

A Manifestations tn the Pericellular Reticular Structure of (he 
Synapse 

The glia reticulum of the axonc cap and of the cell surface pre- 
sented itself in fatigue m a more or less advanced stage of devia- 
tion from Us normal configuration In the Lev nditi preparation^ 
which bring out the net figure very clearly and sharply in a dark 
brown or black color, the alteration of the net configuration is 
most distinctly noticeable Figures 3 and 4 of my recent pub- 
lication (24) demonstrate the normnl condition of the glia rcticu 
lum m the levaditi preparation The Golgi network, which is 
viable on the cell surface (3) ns well ns in the axonc cap (4), 



266 


KIl<n VSU MARUI 


stands out simply, and the net beams me demolish atcd in ngid 
dark lmcs 

In many cases of fatigue this net configuration appeals moie m 
less irregular and less shaiph marked The net beams piesent 
themselves swollen and thick lieie and theie, m othei places they 
are tlunner than usual and m some places e\en bioken up The 
substance of the net beams looks loose and less compact and m the 
extreme state of decay the net beams are i educed to \ambly 
laige amorphous corpuscles and look not unlike sihei piecipitatcs 
distubuted irregulaily in the synapse 

Figure 7 was lepioduccd fiom the Lcaaditi piepaiation of a 
fatigue case, it shows the suiface section of a slightly shi unken 
Mauthnei cell and the cell suiface is coveicd paitially with the 
Golgi network The leticulai structuie of the synapse stands in 
this case in a more ad\anced state of alteration The sphcioidal 
or stai-shaped stiuctuies, which coiTespond to the nenous tci- 
inmal feet, are demonstrated \eiy distinctly in the nodal points 
of the Golgi network (especially cleai in the lowei pait of the fig- 
ure) Now, the net beams connecting these teiminal feet with 
each other are m part rnaiked tolerably shaiply, but most of them 
are swollen and are not clean cut Some others look, on the con- 
trary , \ ery tlnn and loose or e\ en broken up Here and tliei ewe 
find the terminal feet, which he isolated on the cell surface, as a 
consequence of the breaking up of the radiating net beams The 
leticulum of the axone cap (upper pait of the figure) is in a similar 
state of alteration, the net beams are extremely swollen and 
loosened and appear thick The reticular figure is paitly r well 
preser\ed, although we find here and theie the decays of the net 
beams 

Figure S was produced from anothei case piepared by means 
of Le\ aditi’s method, the Golgi nctwoik in the axone cap as 
well as on the cell surface shows essentially similar changes 
The net figure here and there is presen ed tolerably well, but the 
medic*' are megular as compared with those in the resting condi- 
tion In other parts of the m nnpse the net beams show a more or 
less advanced state ol alteration and <oinc beams arc rcally r le- 
duced to amorphous black fragments 
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The above described findings were repeat c<l m a different inten- 
sity in man> cases of fatigue b> me ms of Lc\aditi's method, 
although there were scleral cases with negatne finding*) m the 
synapse It must be emphasized here that in the resting control 
animal the pericellular rcticuhr structure was alwajs brought out 
clcarlj and sharply Of the manifestations of the gha cells in the 
synapse I shall give a more precise description later Vs espe- 
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ciallv worth} of note here, I want to discuss the relation between 
the gha cells and the reticular gha structure The protoplasm 
i nd the protoplasmatic processes of tlie neuroglia cell* increase 
and swell m mass, as will be mentioned below ^omc processes 
show their relation to the reticulum c\on in their swollen condi- 
tion, but some of the precedes arc no longer connected with the 
glr reticulum Some of them fall to pieces *o that wc find pro- 
toplasm masses of different shape and size around the glia cell* 
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Some glia cells e\en lie freely m and about the synapse, to this I 
shall come back again 

In the tlnonm-eosin preparations of the formol-Zenkcr matciial 
it is "very difficult to find such delicate alterations of the reticular 
structure In a slight alteration it is almost impossible to distin- 
guish the difference between the resting condition and the fatigue 
case, so far as the net figuie is concerned In the most ad\ anced 
stage of alteration, howe\ er we are able to find similar manifesta- 
tions as those described in Le\ aditi preparations, although it is 
not so easy to see as m these pieparations Figures 2 and 5 were 
reproduced from thionm-eosm preparations In figure 2, which 
demonstrates the resting condition, we find rcgulaily arranged 
dark points around the cell, which evidently lepiesent the net 
beams of the pericellular reticulum In the fatigued cell (fig 5) 
w e find around the cell body a number of similar dark points, w Inch 
are, however, scattered without any order at the cell periphery 
The microscopic obscnation leiealed clearly a change of pen- 
cellular network similar to that descubed m Lea aditi prepara- 
tions, the net beams were in part swollen and others broken up 
The findings of the glia cells I shall describe later In the Heiden- 
ham preparations and other preparations a similar manifestation of 
the reticular structure was obsera able, although it is not so cleaily 
demonstrable as in the Lea aditi preparations so that we can find 
the alteration only m a far ada anced state 

B Manifestations of the neuroglia cells in the synapse 

Among the neuroglia cells of the sj nap«c of the Mauthner cell 

I found in man} cases Vlzheimer’s amoeboid glia cells (figs 0, 10, 

II 12 and 14) These amoeboid glia cells, as characterized bj 
Alzheimer (1), show a large protoplasmatic cell bod} with a spe- 
cial morphological structure and small dark nuclei, and in t} pical 

r s 0 10 and 14 Tluonin-eosin preparition (fatigued) 
p ie 11 \cid fuclisin-Iight preen preparation (fatigued) 

Fie 1- Mallon preparation (fatigued) 

Fl p i3 Scharlach K stain (fatigued) 
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form.s thev hav e stnkmg resemblance to an amoeba Beside? the 
typical forms I found man} 7 others vv hich do not resemble amoeba 
Before I pa«s to the descnption of the amoeboid glia cells, I will 
pay «ome attention to the manifestations of glia cells which go 
hand m hand with the appearance of the former Although not 
so numerous, w e find gha cells in every stage of regressive and pro- 
gressive change (figs 9, 10, and 14) The regressive nuclei 
appear sometimes extremely sw ollen and pale and at other tune 5 
thej 7 show 7 a zigzag shape and deep stain The homogeneous 
stam of the nucleus and piotoplasm, the breaking up of the nu- 
cleus into spherules or small masses aie other histological prop- 
erties of the legressive nuclei Furthermore, I observed in the 
same sections production of young amoeboid gha cell , tan okinesis 
of the glia nucleus vv as found now and then, and anutosis of the 
nucleus, obseivable occasionally m the physiological condition, 
seems to appear oftener m fatigue preparations (fig 6) 

In young amoeboid gha cells the shape of the cell bodv is 
simple and w e find sharply marked protoplasm around the nu- 
cleus In oldei cells, how evei , the protoplasm grow s larger and 
sends piocesses of megular shape m different directions The 
process itself has at fiist a simple shape, but later it shows a more 
or less complicated shape, sometimes I observed that the gha 
cells send the processes to nerv e fibei s oi capillaries, holding the 
latter between then lamifications Generally speaking, the 
amoeboid gha cells were found relatively more numerous near 
the blood-vessels than in the other parts of the synapse In 
young amoeboid gha cells the protoplasm is first quite homogene- 
ous, but m the further course of life man} 7 kinds of manifestat'on 
become noticeable m the cell bod} 

In the Malloiy prepaiations (fig 12) the protoplasm of large 
amoeboid gha cells contains vaiiously large vacuoles, the size of 
the vacuoles varies considerabl} , but geneially speaking the} are 
not very large m my prepaiations The number of the vacuoles 
is also v anable w ith the s ze and age of the cell The content of 
the vacuoles is quite cleai m my pieparations, I assume that 
these vacuoles are lipoid cysts, the content of which was extracted 
m the piocess of embedding In my thiomn-eosm preparations 
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(fig 10) and fuchsm light green preparations I could also find 
those vacuoles Besides these I observed m the MoJlorv prepa- 
rations dark violet or blue-stamcd granules m the cell protoplasm 
There is no doubt that these granule* are identical with the 
moth} 1 blue gi anules of Ylzhcuncr (1) Tins kind of granules 
varies eonsideiab a m size but in am one cell they are in general 
of snmlai size as Ylzheunei described A\ ith the production of 
this kind of gi'inule the loosening of the protoplasm structure of 
the amoeboid gin cells takes place In the acid-fuchsm-hght 
green pieparitions in which the metln I-blue granules cannot be 
brought out the cell bod> shows a granular or bubble-like ap- 
pearance m this stage Yt the same time marked changes be- 
come noticeable m «ome nuclei the} are stained cither homo- 
geneous!} deeph or lcmaihabh pile E\en the neuroglia cells 
m the synapse which arc not m possession of the proper attributes 
of an amoeboid gha cell but hn\ e long narrow processes instead 
of a large protoplasm ma^s sometimes display alterations, then 
the processes look as though the> were du^ohed into granules 
which show tho same staining reaction as the mcthjlbluc 
granules 

In the acid-fuch^m-hght green prep iratmns (fig 11) the amoe- 
boid gha cells were brought out \erv clcarh in the e\cnh 
green-stained cell protoplasm the Ylzhcnncr fuchsmophilc gran 
ules appeared as large red spherules Tho number of these gr m- 
ules \aried in chfferent cells some large and old cells ha\c gran- 
ules scattered through tin whole protoplasm The sizes of tho 
granules are almost equal md the considerable sue distinguishes 
these granules from the fine fuohsmophile gt anulcs, which arc onh 
occasionall} obsenabh m the nonnal gha cells alreaeh rc 
marl ed I found also in this preparation \acuolcs of different sue 
m the cell bod} of the amoeboid gin cells lhc contents of the^c 
}acuoles in m\ prepuatioiis were alwa}s clear the hrge lipoid 
c}sts with \cllow substance described In Ylzhcnncr 0) did not 
come to my observation Hu Ylzheimor light green gr limits 
were not obsened either m im preparations 

In m} tlnonm-cosin preparations (fig 10) of formol-Zonk* r m i 
tenal I found nl«o a number of typical as well as atypical imocboid 
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glia cells, which were met more frequently aioimd the blood- 
vessels than m the othei paits of the synapse Luge and old 
cells showed vacuoles of diffeient size m then bodies Some of 
these gha cells show ed anothei land of gianules w Inch w eie dem- 
onstiated by means of the tlnomn-eosm stain m a chaiactciistic 
metachromatic or moie 01 less blue-violet coloi The gianules 
fill the cell body as well as the piocesses the size is variable, but 
in any one cell they are of almost equal size The shape of these 
granules is lound 01 that of inegular lumps Anothei charac- 
teristic of this kind of granules is that m the illumination by elec- 
tric light tliey r are especially beautiful!} obsen able In the space 
around the blood-vessels and also m othei parts of the synapse I 
often noticed a group of these granules, this is to be mtei pi eted 
as the section of a cell 01 its piocess, bearing tlus land of gianules 
As far as my obsen at ion went, these gianules do not he fiecly 
m the tissue 

What is the natuie of these gianules 7 Reich (27, 2S, 29, 30) 
demonstrated m the Schwann cells of the penpheial neive fibeis 
rod- or comma-shaped fan ly laige gianules (7r-gianules), which 
were bi ought out m a chaiactenstic metacln omatic stam by 
means of thiomn, toluidin-blue oi lues} l-\ lolet, and he identified 
these gianules with thepiotagon of Liebieich on account of the 
similanty of the stanung leaction and of the solubility m waim 
alcohol (45°) and m warm etliei He found, moiem er, that they 
are soluble also m waim \ylol, that the} are not at all staimble 
m acid stains, and also that they aie especially beautifully ob- 
sen able m the illumination by electnc light 

Later, m ceitam pathological conditions, Alzheimer (1) dem- 
onstrated m the neurogoha cells gianules which ga\e a chm- 
actenstic metachromatic basophile stam b} means of toluidin- 
blue and thiomn, he identified these gianules with the v-granules 
of Reich and called them metachromatic basophile granules, al- 
though the granules differed somewhat from the r-gianules mor- 
phologicall} I did not test the properties of solubiht} of the gi an- 
ules, which I obsen edm the gha cells, but on the basis of 
then sta inin g reaction and morphological characteristics I as- 
sume that the} aie identical with the metaclnomatic basophile 
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granules of Alzheimer Whether these granules consist of pio- 
tagon or not, is another question, recent studies rused doubt 
against the real existence of protngon as a uniform substance 
(Rosenheim Tebb, Ihudicum, cited in (18)) I should add here 
that I always used beigamot oil instead of xylol in the pioce^s 
of paraffin embedding 

Alzheimer (1) declared that he did not find, or he found at the 
most onI\ indications of, these gi anulcs in the amoeboid glia ceils 
but as far as my observation went I found a number of amoeboid 
gha cells with this hind of granules The finding that these gran- 
ules are observable in the cells of blood-v essels, as will be de- 
scnbedlater, and in the glia cells around the blood \ e^cls lelativ cl\ 
more numerously , and the fact that m ^chnrlnch st un fat drops 
are found in those cells as u ill bo related below , make one assume 
that they arc transited toward the blood \ easels and that these 
granules give me to the production of fat as Alzheimer did 
Reich assumed that the appearance of this kind of granules has 
a relation to the decay of the myelin sheath, according to Viz 
henner (1), it is not, ho\\c\er, neecsearv for the appearance of this 
hmd of granules As the neuroglia cells of the svnapse of Mauth 
licr’s cell lie mostly at the border of the a\one c ip vv here the nerv e 
fibers lose their ravelin sheaths I cannot decide this question 
from m\ own obseivation Moreover as the granules appear 
only in fatigue, it is probable that they have something to do 
with i pathological nutrition condition of the nerve tissaic the 
fact that they arc a catabolism product is acceptable because they 
arc transported toward the blood-v c^cl and it is also probable 
that they arc changed into fat just like the other cat ibohsm 
products 

On the b isis of the above-described facts it is quite cle ir that 
in fatigue a ltumbei of amoeboid gha cells are produced in and 
about thesyn ipse which carry different kinds of catabolism prod- 
ucts m their cell bodv as well ns in their processes Vs alrc idv 
repeated I found the c amoeboid glia cells relativelv more 
numerous around the capillaries in and about the symnp^c It w as 
alto rem irked that mam a conglomeration of mctachromatic 
basophile granules was demons! l vied around the blood vo eh 
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with a different size and shape (fig 10) This w as also the case 
■with the methyl-blue gianules and the fuchsmophile gianules 
All these granules weie embedded m the evenly and lightly 
stamed ground substance, which is to be interpreted as the sec- 
tion of the cell body 01 the piocess of the gha cell As far as 
mj r observation reached, these granules did not he fiee m the 
space around the blood-vessel or m the tissue 

The cells of the ad\entitia of blood-vessels in the normal biam 
show very httle protoplasm aiound then nuclei, but m fatigue 
cases, when a number of amoeboid gha cells are present aiound the 
vessels, they show a laiger mass of piotoplasm In the thionrn- 
eosrn prepaiation I observed occasionally the metachromatic 
basoplnleg lanules in them Schailach R (fig 13) revealed many 
fat drops m the latter It must be added heie that m the 
neuroglia cells aiound the \ essel and m the synapse fat drops u eie 
denionstiated witlnn the protoplasm According to my obser- 
vation, theie -was, however, very httle fat lying in the tissue oi 
in the space aiound the vessel 

THE TUELLKOERPERCHEV OF ALZHEIMER 

After the descuption of the changes of the ghous l eticulum and 
the gha cells of the synapse, one more manifestation, winch goes 
hand m hand w ith the appearance of the amoeboid gha cells is to 
be mentioned I have already described that m sections in which 
a number of typical amoeboid gha cells were observable, many a 
protoplasm mass of diffeient size and shape appears m the pen- 
vascular space and in the other parts of the synapse These pio- 
toplasm masses were found to be sometunes homogeneous and 
sometimes granular and they occurred usually near the amoeboid 
gha cells Some of these masses must be regaided as the section 
of the cell body or the piocess of an amoeboid gha cell (fig 10), 
but some of them show evidently that they were cast off from the 
body of the amoeboid glia cells (fig 15) It was also related 
above that the pi ocesses of the gha cells, w Inch are not in possession 
of the proper attributes of an amoeboid gha cell aie broken up m 
their substance and are l educed to fragments I assume that I 
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can homologizc the^c protoplasm pieces with the Tuellkocrper* 
clicn* of Alzlicimei (1) , as far as the origin of these corpuscelcs is 
coik cnied, I agree with \lzheimcr, m so far as the reticular beams 
of glia tissue swell and arc loosened in their substance «o that fi- 
nnll\ the\ fall here and there to pieces ihe probability of a post- 
mortem alteration cannot come mto consideration, it must be 
emphasized hcie tint the fish brains were always fi\cd m their 
fiesh condition 

THE RELVriON OF THE AMOFHOID GH V CrLLS TO HIE GLI V 
ItFTICUILM 

As stated before, the gha reticulum of the synapse of the Maut li- 
ner cell in fatigue was found m a more or less achanced state of 
deMation from its physiological configuration Ihe net figure 
appeared less sharp and the meshes were found more irregular, 
the net beams were opened either swollen or lessened in thick- 
ness The substance of the net beams appeared loosened and iu 
the state of extreme detcnoration the net beams were hero and 
there broken up and reduced to fragments so that in some parts 
of the synapse the net figure was no longer in evidence Tho 
question now arises whether these manifestations of the pen 
cellular reticulum are to bo attributed to artefacts caused by the 
process of preparation of the sections or to be claimed ns ante- 
mortem phenomena caused by the o\cr activity The follow- 
ing circumstances speak explicitly for the latter, first, I got the 
same results in different kinds of preparations, second, T did not 
find any case of resting control fish, in which a smulai picture of the 
reticulum was obsened, and, third I noticed i number of amoe- 
boid gha cells with \ inous catabolism products and the so-called 
'rucllkocrpcrchcn It must be emphasized here that the nu 
clei of the gha cells of the s , \ nap'-e showed not onl\ rcgrcw\c 
but also progrcssiye change*) 

Buscamo (5), Ro^cntnl (31) and others studied the postmortem 
appear uiee of the amoeboid glm cells Wohlwlll (33) declared 
that through the postmortem decay of neuroglia tissue gha cells 
take occasional the amoeboid appearance and the octurrcncc 
of the met In 1 blue granule*, and the ruellkoerpcrohen does not 
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alwav s indicate the pieMOus existence of amoeboid glia cells In 
the present v oik all the fish brains, both normal and fatigue, v eie 
placed m the fixmg solutions m their fresh condition, and the like- 
lihood of postmortem pioduction of the amoeboid gha cells cannot 
at all come under consideration Attention must especially be 
called to the fact that m all my conti ol prepaiations not a single 
amoeboid gha cell did come to my obsen ation m and about the 
synapse 

What -would then be the mechanism of the bi caking up of the 
gha reticulum ? It is ven hard to answ er tins question definitely 
Eisath (10), who stuched and demonstiated the piotoplasmatic gha 
structure very w ell by lus own method, suggested that in the sec- 
tions in winch amoeboid gha cells occurred either m the marrow 
only or m both the marrow and the cortex, the gha cells w ith deli- 
cate^ arborized protoplasm pi ocesses do not come to obsei vation 
Alzheimer (1) also made the same observation, instead of the gha 
cells with arborized protoplasm processes, he found bj means 
of the same method gha cells with a little increased plasm with- 
out any process or those with large cell body carrying different 
kinds of granules He took foi granted that with the appearance 
of the amoeboid gha cells the other gha structure also sustain 
some alteration On another occasion Alzheimer (1) made the 
observation that m a cortex, which showed no gha cells with pro- 
toplasmatic processes by means of Mallory’s method, the Golgi 
method rev ealcd such cells with processes On the ground of 
tins finding, he carefully expiessed lus opinion, declaring that the 
pi ocesses did not here go mto decay oi were not withdrawn by 
the cells, but morel} did not show the affinity to Malloi} ’s 
hematoxylin 

Now , as already remarked, the processes of the gha cells of the 
synapse arborize and umtc mto a uniform gha reticulum m the 
synapse Tins condition can be beautifully demonstrated in the 
Levaditi preparations In fatigue a number of the gha cells are 
com erted mto the amoeboid gha cells and they he free from the 
reticular structure of neuroglia tissue, and m this case attention 
must be called to the fact that some other gha cells m the synapse 
=till show their relation to the reticulum and that I could obsen e 
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almost e\cry stage of the dissolution of an amoeboid glm cell 
from the diffuse glia reticulum ]\ear the amoeboid glm cells 
the ^ FlleUkoerpclchcn , or the fragments of the Golgi net beams 
were also disenable, as already stated So I tame to the 
conclusion that in the extreme stage of fatigue a number of amoe- 
boid glm cells aie produced and arc set free from the reticulum 
Jakob (IS) recently described m his article on sccondnn degenera- 
tion the detachment of the gba cells from the diffuse glm reticu- 
lum Of course this process took place only slightly and on a 
small scale in nn material, but the mechanism w ould here be the 
same At the same time the substance of the reticular struc- 
ture becomes looser, and finally some of the beams undergo disso- 
lution and fall to pieces so that the abo\ e-describcd alteration 
of the reticulum takes place What effect the fixing solutions 
ha\e here on the more or less loosened reticular beams, I can 
not say but I belici, e that the mechanism of the breaking up 
of the glm reticulum could well be interpreted by the abo\e- 
desenbed facts 

Vs far ns I know , the studies of the pathological alteration of 
the pericellular reticulum me \er> few , the studies of Eisath (10) 
and Alzheimer (1) were not especially directed toward the pen- 
cellular reticulum, but merely to the glm reticulum in general 
Besta (4) investigated the belmuor of the pericellular reticu- 
lum in certain pathological conditions, but lus description does 
not explain the mechanism of the deterioration clearly enough 
and ho did not mention the appearanco of the glm cells at all Vs 
far as the manifestation of the stmeture m question m fatigue is 
concerned, this mv cstigation is unique 

i HI HtOLOCIC\L SIGMIIC \XCI 01* Till \MOriiOID CII \ < H \S 
\XD Till COXCMNOX I ROM TIIL RUSUITS 

As far as my obsenntion went mid so far as the histological 
technique used brought out the facts, o\cr actruU caused no def- 
uutc change in the nerv ous structure of thesw nnpscof the Mnuth- 
ncr cell Considering the nature of the experiment, one should 
not be surprised at this, movco\er, the structures m question are 
so fmc and the results of the technique for those structures are 
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sometimes so inconstant that one should be \ eiy caieful to attnb- 
ute any pathological significance to any slight histological mani- 
festation in those structures The appeaiance of the amoeboid 
glia cells may indicate, howeiei, that some catabolism process 
takes place m and about the Mauthner cell Alzheimei (1), 
who investigated thoioughly the amoeboid gin cells and the 
catabolism piocesses m the nerve tissue, said about the cases m 
which a number of amoeboid glia cells were found without any 
finding pn the side of nenous structuie, that some catabolism 
products winch escape the nucioscopical demonstiation at the 
present time would be produced on account of the distuibance 
of the nutrition of the nerve tissue The finding of the amoeboid 
gha cells in the synapse might show that in over-actmty some 
catabolism products are produced as the effect of pathological 
nutrition condition or owing to dilapidation of the neivous 
structure, not demonstrable at the piesent time These would 
stimulate the formation of the amoeboid gha cells to sene as 
scavengers That postmortem pioduction of the amoeboid gha 
cells cannot come under consideration, I already' remarked 
Rosenthal (31), who wanted to interpret the appeaiance of 
amoeboid gha cells with methyl-blue gianules as a sign of necro- 
biosis of neurogha tissue, legarded the formation of the amoeboid 
gha cells with fuchsmophile granules as that of increased scav- 
enging activity, the amoeboid cells with these granules were also 
found m fatigue, as remarked According to TVohlw ill (34), 
different kinds of diseases which show the amoeboid gha cells 1m e 
edema as their common cause The question whethei ovei -activ- 
ity causes edema m the region of the synapse and a swelling 
process of the gha cells can come under consideration oi not,, 
must be left undecided here So far I may assume that m over- 
actmty a catabolism process m a wide sense takes place m the 
synapse, which comes undei the fourth category' of catabolism 
processes of Alzheimer (2) But I cannot state definitely whether 
the catabolism products come only hom the synapse or from 
both the synapse and the cell, the latter appears to me moie 
probable 
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The question whether the amoeboid glia cells come from ncwlj 
produced glia cells or from those which were present m the 
synapse, is \cr} hard to answer, but the finding of man> amoeboid 
gha cells m spite of \erj little increase of the glia cells mn> in- 
dicate that at least some of the old glia cells gne rise to amoeboid 
gha cells Vs far as the tinnsition of one hind of catabolism prod- 
uct into another witlun the protoplasm of the amoeboid glia 
cells is concerned, I cannot add much to the description of Vlz- 
henner (1) The fact that we find the amoeboid gha cells with 
different granules and hpoid substance relatn ely more numerous 
around the bloodvessels than the other parts indicates that the 
catabolism products are assimilated into different granules by the 
amoeboid gha cells and carried to the bloodv easels and de 
posited in the cells of bloodvessels as fat and later are gradualK 
disposed of 

In mj experiments I could not find a single case in winch the 
picture of the 'neuronophagin' of the Mauthner cell w as observed, 
this might be interpreted to mean that the alteration of the cell 
bod\ did not go so far in o\ er-acti\ it> Polk's (8) described 
cell death as the effect of o\er-actmt>, it is rather strmge to 
me that no attention was directed to the changes of the gha cells 
m his article 

strsiM ut\ 

Careful investigation of the cell bodj as well as the synapse of 
the fatigued Mauthner cell m •Vmcnmis ro\calcd a number of in- 
teresting findings, which can be summarized as follows 

1 The cell bod> was found either swollen or shrunken, the 
turgcscenco was regarded ns the result of o\cr activity and the 
shrinkage ns that of exhaustion 

2 The Nissl substance w as in a more or less ad\ nnced stage 
of chronmtol>sLs and thereby the cj topi asm was stained \nri- 
oubh deeply On the border of the nucleus a mass of stamable 
substance was observed as the restitution phenomenon of the 
Isissl bodies on the side of the nucleus It was also accepted 
that a mutual interchange of substance occurs between nucleus 
and protoplasm m nctrwh 
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o The nucleus was tlso either swollen or shrunken in the 
swollen nerve cell it w ns sometimes removed to one side of the 
cell bodv The nucleolus was also found swollen sometunes md 
other tmies shrunken mid it w is of angular or otherwise irregular 
shape 

4 In the nervous structure of the synapse no definite altera- 
tion could be brought out but the svnapse showed a number of 
amoeboid glia cells with methv 1-blue fuchsmophxl and meta- 
elrromatic basophile gr mules Also fat di ops vv ere demonstrated 
m the glia cells and m the cell* of the blood-v essels 

5 The reticular gha structure of the svnapse appeared m 
manv cases of fatigue in more or less advanced deviation from 
its normal configuration and even broken up m some parts, 
this was interpreted as the result of the detachment of the 
amoeboid gha cells from the reticulum as also the effect of the 
loosening and dissolution of the net beams 

6 The appearance of the amoeboid gha cells show ed that some 
catabolism process occurs in the svnapse as the effect of patho- 
logical nutrition conditions m fatigue 
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I I «i'-airolln do h- ululn do lo- pil ires cl e<paeio del tuncl > 

I O'' e-puio- do Xucl del 61 gano de Coiti 

I 1 ('puio del tunol ^e denari olla alrededor del fasciculo del 
un . io c -jin il cl cu il c umna ent re hs porciones nuchad is de las 
< ■ lull- interne \ extern^ de los pilaies En su origen c^> una 
lu ndului i intercellular cino contcnido liguido cs chboiado poi el 
ntoph-nn \ uuolarde In ccluhs de los pilaies^ *e Met to en cl 
( -p mo ad\ u ente \lgunas paites de c-te protophsmn socictoi 
-uin n un piocc-o de citolnn, de tal modo quo la hendiduia ciccc 
\ -u ( ontenido liquido uunenta cn cintulad a sus expemas El 
mtoi de-mho ( on dctallc el de-mollo ultcuoi de las ccluhs dc 
In- pd ut - \ ms cihcza^ El piunei espacio de Nucl apaiecc en 
fnrnn dc una hendulura longitudinal Mtuada entre lospihics 
extorno- h s c< lul ncilndas extern is \ en su interim so atumula 
el liquido -cgiogado por lo- jnlare- externo* En las supcificics 
liter ik- dc (-to- ultimo- so pnnectan \csfcuhs de sccieccidm 
( 1 u i- 1 is unli - cxpennientan un procc^o de citolnis > hquefac- 
cion Ln {(JuLn (xterm- de los pihie- \cnfican in enugi iti6n 
anhiionirn d(-dc li prime ii fih de ccluhs clinch** external 
him 1 1- a luh- intern n de dicho- pilues El autoi dc^cuhe 
oi ck-urollo eld ^esundo tacero \ am to e^pnao de Xuel El 
(ontando liquido del tuncl \ el del primer cspacio de Xuel se 
iuc/cl m 1 ti i\i- de hendidui is existentes entic los pihtcs cxtei- 
no- \ romunic m ( on h- de lo- segundo, tercei o \ cim to e-paeio 
ele Xucl LI liquulo de todo- lo« C'-paaos de Xucl est i ^epaiado 
d( 1 1 endolinf i del eonducto coclear por lo- techos nun delgados, 
ele c -to- intoi-tic io- 1 ales c^tiuctur n rcah/an, indudablementc, 

I I prop vz u ion de la- onda- \ lbiatorn- de-de la munbrann basilai 
In-ta h membrun tcctorn, contenich en el canal eocleir 
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INTRODUCTION 

In spite of numerous thorough find exhiustne imestig itions 
concerning the earliest stages of development of the organ of 
Corti our knowledge of the origin of the tunnel space is still 
•\erj limited and \aguc This is true albO of the formal ion of 
the heads and cephalic appendages of the pillar cells and almost 
nothing is known concerning the origin of the so-eallcd spates of 
Nuel Ihis obsener ( 7$) described in the orgnn of Corti m 
adult mammals a 6>stun of intercellular eh much and his 
findings ha\c been confirmed b\ Rctrius ( S4) and other more 
rot cut authors TIie c c *pacc« or channel** are Mtuuted between 
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,i f outer mb of Com md the neichbmmg outei ban ee lb and 
im thre** lows of outei icoiistic clement 5 ? Thc , \ coni un 

Mud id m tinernd b\ the phalanx piotessesof the cells of 
lh ii'h mu rcommume itmg thiou&h (lofts between the season 
d( e(Utv md communu it 11115 with the tunnel space tlnough 
'lU^NiU" between the outer pillm lhe mow taken b^s Xucl, 
thd tho\ eommunit ito with the lumen of the cochlea “pat 
lfutinnw di luuno en fonuc de 1 antes de la mambvme 
ntuul me imM be rogaided is enoncous 

I he de\elopment of the tunnel space between the two spnal 
ro - 01 mb of ( orti ippoiis to l)e \on difficult of obscnation 
Imbed iiion authors lofenme; to its appeal ance m embi\onie 
nnterid state tint it oiiguntcs in the fonn of a nanow cleft 
bet vein the inner md outei pillirs but gne no details con- 
cerning the Mguihcmcc of this prmuUxc mterdicc Is it mtci- 
celluhr nr intracelhil u° 1 10 m what souice is domed the fluid 
ront uned within the cleft 7 Those ob^oneis who elenrh specify 
tii *t the space ippt irs between two neighboring pillais, as do 
Uott-Um (72) Kct/ius (SI) \emicuwc (’05), N \an dcr 
Mriclit t OM and Hiulem ( 1*3), gi\e no explan dion as to the 
01 nun <»l its fluid Mluclmg to the development of the space 
m rabbits two da\s lfter bath, Kct/ius M ites (p 30T) 

\ on h MimUnr Btdmtuntr ist nun die enge bpaltc , welclu /uisthon 
(1 n 1> id* n Pit ilb ivolbn n ulun ungcf dir m dor Tditte dor Zellenholu, 
n fh ohf n \otn spn-ilcn \c nuibundc 1 entstanden 1st und den Anf tng 
d - Jnuntlrunns dirstdlt, dn * fcp ilte 1st in dcr Bisalw inching — wo 
md ^ n noth ciih g* rinse Xcipungder Pfi lllorrolli n nach uts^n Inn 
\orh oid n i-t — noch \ v 1 wutc r tntwichdt, und man ^ieht 1m 1 dt tithe h, 
d 1 "' do duah 1 mzi hung (\ \ rdlinmmg) dor boi(ki*s ltigcn Pfcillci- 
7 h n c ntst uidc n 1st Cdcichz'utig 1st ah % r aurh dn Anl ig< dc 1 Pfc ilc r 
md r/ lb n ds h* IK gl m/c nth Mn lfrti mimnrhr w ahrmlmih tr X ich 
an n \on d r "iiiwrcn Pit ih 17* Hum die ^ic lit in m chut hell mich do 
Vnl ’L' th r bur belli n H nuns 

\ccordmg to \ emieuw e, the tunnel space n produced In the sep- 
aration of theb tses of the twopillar celb, due to elongation of the 
pillar- increase m size of the nuclei and clnefh In the extension 
of the subjacent basilar membrane Referring to the ti end of 
the spmd organ ol Corti towards the axi^ of the cochlea, II ir- 
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debt} ('15, p 52) states “The normal spaces between the 
elements of the spiral organ, including the large Kuel's space, 
no doubt result in part from this mo\ cment of the organ nvis- 
ward” Other authors, Rosenburg (’08), Boettcher (’09), md 
Pntcluird (’76) describe two neighboring inner and outer pillars 
as domed from a single origmnl cell the nucleus of winch divides 
in two, and by a process of liquefaction of the undivided cyto- 
plasm, the tunnel space is produced within it This space is 
originally intracellular and its fluid is a protoplasmic product 
Richcnbacher (’01, p 402) seemingly ascribes a sumlar origin to 
the fluid of the space of Nucl m the adult guinea-pig “Bei der 
Schnechc des ausgcw achsenen Tieres lint der Frozen der \ er- 
fldssigung zur Bildung des Nuelsehcn Interccllularraume und dcs 
Leiterepithcls gefulirt ” Vccordmg to Jushi (’02), the tunnel 
space is due to the spiral course of the nerve fibers after they 
have passed througli interstices between the limer pillar cells 
The formation of tunnel and intercellular clefts is considered by 
Held (TO) to be the result of ‘ungleichcn 'ft achstumbcw egungen’ 
of different epithehal cells His so-called ‘outer tunnel/ the 
spaces between the outer hair cells, and the space of Auel out- 
side the outer pillars are sheer intercellular channels, ‘reinc 
Int creel lularsp alien/ but the tunnel between the pillars is 
originally intracellular 

Fine reinc nitiazdlular Spalt, da die ersten Ncrvcnfascm die bur 
spinlig nbbicgen und weitcr ziehen mcht in dor 7wjsc1h ngrx im 
zwischcti Au«sen und Inncnpfeilcr hegen sondern lm Protoplunm 
der Inntnpfciltrzcllon rnndstdndig ungebettet sind w is auch ffir flu 
unten den mneren sowio fiusseren IIiar7elUn rosp zwisclun dm Dei 
terschenzcllen und m lhrcn Intcizt UulnrhrOcken gelcgtmn ronnntinn 
ernes lntraopfihchaltn Rcrvusploxus gilt 

The dm elopment of the tunnel and the pillar cells is closely 
connected with the formation of the pillar heads the appearance 
of the ‘head plates of the inner pillars the phalanx prou^os 
of the outer pillarb and tin extension of the membrana reticularis 
Hie superficial structures of tl e rods of Corti in adult mammals 
hate been c\hmistrul\ investigated b} mam observers Max 
Vhultzc ( *>S) Koellihcr ( 50) Boettcher ( 59 72) Defiers ( GO), 

irjuLfc^raJrrotT Si 3 
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lug'll f h” 71) (tottstem f70 72), Nuel (7S) 1 if mi (’84) 
Ho* iti'' ( 84) md b\ mo-t of the more recent authois but the 
mpe^rnnoe md extension of these structures and the mechanical 
f *orv t iking part m then formation requue more caieful 
s ud\ X \ an dcr Ptnclit has sfioAvn that the head-plate of 
th<» inner pillar is ongmalh leprcscntod by a Acn small squaie 
field the ipex of tlie cell winch becomes fibrillated and extends 
over the enlarging held of the outei pillar, the fonnei under- 
coins greit pleasure from the latter The outer piilai cells 
ormm dh bclonc to the first spiral row of outer sensoi\ elements 
de\elopment ad\ances the\ aie pressed out fiom this low 
tow 'T(h the inner rods of Corti and form a new low of outei lods, 
the ipiee^ of which alwaxs remain tixcd between those of the 
oiuer u oust ic elements of the fiist row Hence there pcismts 
m ipical <-ecmcnt of the outer piilai , which runs obliquely fiom 
the ipex 01 phalmx of the cell, downward and mward tow aid 
the tutme licad of tho pillir This oblique process contams a 
bundle of fibrils which, issuing from the head, passes between 
t\ o outer acoustic elements and spreads out upon the phalanx — 
the he id-plate of the outer pillar Ba enlargement of the head, 
the fihrill \r bundle gradu ill} acqunes a moie hourontnl position 
Held { 00, p 10 r )) seeminglj asenbes the head-plate of the inner 
pillir not onl\ to the apex, but also to the superficial portion of 
the cell der obere Zclltcil welchc die Faserrohre cnthalt,” and 
which is preyed flat from the de\ eloping licad of the outei 
pillar Although he did not recogm/e the original position of 
the outer pillar cells within the first low of outei acoustic ele- 
ments lie ncAerthcle 4 ^ ob-cr\cs the squeezing of then ‘Kopf- 
plitte winch become^ thinner from compression between two 
hair cells, and abo of the bundle of fibrils, winch at fiisl mn 
obhqueh then at nght angles to the intermediate piece of the 
outer pillar due to prcN-ure from the elongating pillar cell 
In the pre-ent paper the appearance of the tunnel space, the 
development of the he ids and cephalic appendages of the pillar 
cell- md the formation of the Xuel spaces an ill be dealt with m 
order 
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DESCRIPTIV E 

Appearance of the tunnel space 

Sections tangential to the surface of the organ of Corti, and 
always somewhat oblique, affect transversely scries of neigh- 
boring inner and outer pillars at various and successive levels 
of their length, from the superficial membrnna reticularis toward 
the basilar membrane (fig 1) As illustrated in figures 1 and 2, 
one may distinguish in the prismatic lamellar pillars three 
portions, although they are not sharply marked off a basal or 
nucleated part, the largest, wluch is lamellar m shape or flattened 
out m a radial direction from mutual compression, an inter- 
mediate part, and a superficial part, the narrowest, which is 
compressed between the mner and outer hair cells, and hence 
more or less flattened out m a spiral direction (ip and op) The 
basal and intermediate portions are each made up of two cydo- 
plasmic zones, the larger being clear and vacuolated and 
occupying the area of the cell body close to the future tunnel, 
the smaller compact and fibrillated, and occupyang the axial 
side of the inner pillar and the lateral side of the outer pillar 
The superficial segment of the two rods of Corti contains no 
vacuolated protoplasm, it consists of a more homogenous com- 
pact cydoplasm, which m the inner pillar is traversed by a 
bundle (fig 2, \p) or a tubule (fig 3, tp) of fibrils, and m the 
outer, encloses a bundle of fibrils which pass between neighboring 
outer hair cells and giv e rise to a small band, the phalanx process 
of the outer pillar (figs 1, 2 and 3, oph) connected with the 
superficial apex of the cell, the phalanx In the adult organ a 
part of this fibrillar bundle is a characteristic constituent of the 
superficial portion of the head and thus its early presence m a 
definite portion of the outer pillar is v ery unportant m enabling 
one to determine, from the earliest stages of development, a 
verv narrow but long superficial portion of the cell (figs 1, 2, 
and 3 op), winch later enlarges and becomes transformed into a 
part of the bulkv head It is also obvioys that the adjoining 
portion of the inner pillar which m figures 1 2 and 3 is in clo c 
contact with this future head of the outer pillar must he con- 
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Hvl \s the segment which will become comerted into the 
-o-c dh d lie ul of the inner pillar 

Hie outline- of ill the piUn* arc \ei\ slnrp, not onl} between 
the eelb of the - ime row but also between the ncighbonng 
chment- of the two row- 'While it the k.\el of the superficial 
cements this outline is represented bj an mtei cellular matcnal 
ifitrs 1 uul ? tb) which m its staining capacity and chemical 
constitution agree- with that of the superficial terminal bars, 
between the two lower segments of the pillars it is composed of 
i pilcr moie fluid or true mtcicellular cement, m addition to 
winch i \er\ thin superficial c\toplasmic fihn can be ba ought 
into mow Hu- outline and film aie lacking along the a\ial 
*urf \ra- of the inner pill ns and the 1 it oral surfaces of the outer 
lho spin! none bundle (V 1 ) occupies an intercellular position 
between the nucleated parts of the outci and inner pillars, some- 
time- encroaching somewhat upon the lower interstice which 
ctparitcs their intermediate portions The nuclei of the pillai 
cells arc surrounded In vicuolated cj topi asm The nuclei of 
the inner pill its are much smaller than those of the outci and 
much moic flittened out radnlh 

When the tunnel spice is about to appear, there occurs a 
ch iractcristic attention in the cytoplasm adjacent to tins 
future cleft, the \ acuoles nmiimg together and thus increasing 
m si7o (figs 1 and 2, A common \acuolated mass soon ap- 
pears (figs 3 and 4, t) at certain places it remains fused with 
the cell bod\ from which it is domed, at others it is independent, 
so that one cannot determine to which of the neighboring pillars 
it belongs From tins moment there exists a narrow mtci- 
cellular cleft, filled with a small amount of extraccllulai , Aacuo- 
hted maternl, a common mass which doubtless represents the 
first trace of the intratunnelar fluid, and which gradually increases 
m qu intit\ In the coalescence of adjoining portions, paitl^ in- 
corporated m the original pillar and parth free oi extracellular 
Vlthough from the earliest stages of the appearance of the 
sp ice small extracellular, \acuolatcd masses can be found bet ween 
the intennedi ite segments of the pillars (fig 4, t ), the 1 irgcr 
p irt of the tunnel is gcneralh seen around and close to the spiral 
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ncr\c bundle, that is to say, between the nucleated portions of 
the inner and outer rods of Corti (fig 5 , t, T) y never “ungefuhr 
in der Mittc dcs Zcllcnhohe, * as Rctzius asserts and mam 
imestigators illustrate It is a perinervous space Later it 
extends between the intermediate portions of the pillar cells 
According to this description, the tunnel space must be held 
to be a true intercellular cleft, the fluid contents of which are 
de\ eloped b\ a process of secretion from the neighboring parts 
of the pillars and a simultaneous partial cytolysis of the latter 
The space enlarges at the expense of the cell bodies In the 
earliest stages of de\clopmcnt of the organ of Corti there appears 
in the pillars not only a fibnllated sustentacular apparatus 
related to theu* function of support, but also a large, clear, 
\acuolatcd cytoplasm the bulk, of their cell bodies Tim 
portion of the protoplasm is glandular m nature, and from the 
blood plasma of the subjacent a as spirale (fig 1, is), it domes 
its nutritvvc material, which is claboiated and converted into 
clear \acuoles The products of secretion are discharged along 
with a partial liquefaction of the surrounding cytoplasm 
During the extension of the tunnel space the superficial seg- 
ments of the outer pillars undergo considerable enlargement, 
and their radial diameters soon correspond to those of the 
intermediate portions (fig 4, ohd) At that time the process of 
cytohsis obviously extends along these segments (figs 4 and > 
0 from below upward, involving a rapid reduction of their 
radial diameters The intermediate segment of the outer and 
inner pillars, previously broad and formed of a small fibnllated 
part, and a large xaouolatcd portion next to the future cleft, 
becomes gradually converted into a slender band the so-cnllcd 
'body’ of the pillar In figure 7 (opb) these bodies arc shown 
cut at successive levels through fifteen outer pillar* In their 
lower portion as seen in nine sections, they arc reduced to thin 
cvhndrical fibrillar strands, part of then apparatus of rapport, 
from around which the clear cvtoplasm has disappeared In 
their upper part, as seen m the next four sections, the pillar 
bodies are still composed of the original two zones the vacuo- 
lated portion having been somewh it reduced Close to the 
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fut me licntls arc seen two sections (connected villi sections of 
mnoi pillars), the stnictures of which have undcigone no change 
The process of cytolysis is completed at the le\cl of the fird 
nine elements, it is progressing m the following four and has not 
\ct begun in the last two On comparing these stnictures with 
more nth anted stages, and especially with those m the adult 
cochlea, it is plain that the body of the outei pillars acquires its 
final form and structure by a process of secretion and cydolyMs 
along with the elongat ion of the intermediate segment In young 
cats, bats, common and white rats it becomes a slender fibril- 
1, ited strand, destitute of cleai cytoplasm (figs 10, 13 T , 14, 15, 
17 and 18, npb) Between the pillar bodies, as already noted 
by Nuel, uic huge clefts through which the fluid of the tunnel 
space and the ncighbonng space of Nuel intercommunicate 

The intermediate portions of the inner pillars undergo similar, 
but nc\ei such maiked changes The greater part of tlicir clear 
cytoplasm disappears, only n yery narrow 7one of it persisting, 
m> that in young and adult animals the body of the pillar becomes 
lamellar in shape (fig IS, ipb) and flattened out m a spiral 
(In cot ion It is composed of a fibrillar Iamclh and a tlnn layer 
of clear protoplasm (fig 17, ?/d>) Besides the pores trayersed 
by the none fibeis, no true intercellular clefts seyer the inner 
pillais 

\long \yith these alt stations and elongition of the pillnrboches, 
the funnel sp u e enhngcs gradually but considerably, md yery 
soon its radial dinmctci surpasses that of the tyyo original clear 
/ones belonging to ty\o contiguous pillars In other words the 
fluid accumuhted vithm the deft exceeds the amount of dis- 
integrated piotoplasm Indeed the exfolysis occurs m a 
mcion me glandulai cell which, although undergoing partial 
liquefaction, is able to elaboiatc ney\ clear secretion pioducts at 
the expense of mutciml demed from the yas spirale Hence the 
tunnel fluid is the result not only of a sheer cytolysis, but also 
of a true elaboration and subsequent discharge In the eailiest 
stages of dcxelopinent the piocess of cydohsis scemsto be more 
picvnlcnt, since the contents of the cleft aie seen m the form of 
a coagulated, yacuolatcd mass, afterwards the larger space is 
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usually filled with a clear uniform fluid, Minch seems to arise 
from a more active, true secretion Tins secretion mnj continue 
even in the adult organ, for, accordmg to all the investigators, 
the nucleus of each pillar cell is surrounded b> a clear cytoplasm 
which extends over the floor of the tunnel Tins protoplasm is 
vacuolated and represents the rest of the original bulk}, glandu- 
lar portion of both sustcntacular and secreting cells 

Deielopmcnt of the heads and the cephalic appendages of the pillar 
cells 

Accordmg to the results published in a previous paper (now 
in pre^s) and those obtained bj N Van der Stricht, at the 
earliest stage of the development of the organ of Corti the outer 
pillar cells ore located within the first spiral row of outer hair 
cells, and their superficial segments occupy interstices between 
two neighboring acoustic elements B} the rapid enlargement 
of the latter, these superficial elements are pressed out of the 
row and pushed towards the inner pillars, although then apices 
remain fixed between those of the hair cells Trom this time the 
inner and outer rods of Corti constitute a scaffolding, which is 
made up of two spiral rows of sustcntacular elements and is 
triangular in shape on vertical section The rapidlj enlarging 
base of the triangle abuts against the basilar membrane, and 
the apex is interpolated within the eupcrfici d membrana reticu 
latis, separating the apices of the supporting and sensor} 
elements of the inner spiral row from the apices of those of the 
first outer spiral row In a section tangential to the organ of 
Corti the summit of the scaffolding is represented b> a spiral 
row of ver} narrow fields, the apices of the inner rods of Corti, 
separated from one another and from the neighboring fields of 
the reticular membrane b\ deeply staining terminal bars, which 
extend into the depth between the < mpcrficial portions of the 
inner and outer pillar cells Each of these narrow fields contains 
a diplo^ome, and will gradualh enlarge b^ a process of com- 
pression from the underljmg expanding heads of tlio outer 
pillar^ 
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(ti/l/r pillar la the Mtpofidil putt of the entireh dr- 
\(Ioj)m 1 Otttci pillar, as ‘■e ('a in the adult orpnn of ( orti, three 
(ItfoKiit portions arc distnmutxhnble 1) 1 he apex 01 ‘phdanx,’ 
lontiinr a part of tin imiahiaaa ictieubeus 'Him consists of a 
l'it< i il, o\j)aa<Ir(l w^nudit ffip S, oph 1 ), which constitute-, a 
[.ortioa of tin- joof of a subjacent intorcellul it mterstiee thiouph 
uiiah tom i the phalanx proees-e- of ihe t e*lls of Deiter- of the 
hr-t row ipapn m j*r< -*») , nntl a medial, ennstruted ‘•tjnnrnt 
<"pl u > bmp pt‘t ht tween tv.o apices of tlie outer h m cells of 
tin (tr t r<i v ip/,*) 2) \ fihiillattd hattd or the phalanx j*rorc-s 

'tie f.t apt \ oph", aph M ) uluth runs ncirh hori/ont il <md 
mutt i tin apt x to tin heid 3) 'ihe htad proper or the en- 
t srv. t *1 upt rlu ed put of tin pillar m tontatt with the inner 
pill it fh"“ r$ lf , 17 and !*> olat j 'I hi** in a cubical sepnimt, 
m »(tioiu tangential to tin Mirfate it is square f fijr IP 11 , ohd) 
<>r oiniwhat h aid him d out radialh (hp IS, ohd) Its upper 
port'on i tri\er-id l»\ the fibers of the phalanx prot e-s (tip 17 
«>'(), and its larpn, hour pirt 1 *x a fibrillar bundle boloturme 
to tin ho*|% of tin pill ir dip IS 1 *, ohrl) Thus two different 
hbnllattd fa-t a ult 'pr< td out and fade off into the head there 
i iu> limit eoutiuuttx h( tween the fibril" of the two bundles 
ifip'- 1 1 and to ohd) 

In tin f*r t stupe of diulopimut wlurh mn last until the 
tunnel *pi" i" about to np|>< ir and hpfoie fheic is am marked 
in«r>> 1-1 m tin -tti of flu future In ad (ftps 1 2 and 1 op) the 
three pirt*. of an adult pillar ju-t leferrcd to are recognisable 
Ih< apt x t< quire- tin appe irmu iHustrntid m heure i, oph 
'1 fi« phaluix proee-s is "hott and 1 ncarh xerticd deeph 
"taming huniili of lil>ri!s dip- 1 and 5 oph) which i- triccable 
1 1 twitn tin cell bodies of the outer leur cells (oh') ind a little 
tit 1 pi 1 between these "civ-on elements and the future head 
Ihe futme head is a then tajiermp part of the ptlln, composed 
of a uioit* e*i lc-s heunope neous evtoplasjn which encloses in its 
u)i)ui two-thuds the rootlets of the phalanx fibrils, and m its 
lower one-third the sunnnit of the bunch of fibrils of the pillar 
boel\ (feps 2 anil <5 op) Indeed, 111 fipurcs 1, 2 and 3 two or 
tlnee* hotels, iross-sietiems of the future head contain parts of 
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the two fibnllated hands This rather deep portion of the 
pillai, situated at the le\el of the lower poles of the outer hair 
cells (oh 1 ), doubtless belongs to the developing head Troin 
this it is evident that the superficial, thin tapering segment of 
the outer pillar cells winch gives rise to both the phalanx process 
and the head, attains more than one-tlmd (figs 1 and 3, op) or 
about one-half of the entire length of the cell, or about the length 
of the outer acoustic element (oh 1 ), although no distinct demar- 
cation can be observed between the future head and the pillar 
bod} 

Two other features lend support to this view the existence of 
an abundant, vacuolated cytoplasm along the intermediate 
portion of the cell, the future pillar bodv, which onl} shghtlv 
encroaches upon the lower part of the future head, and the 
presence of terminal bar B or rather true intercellular, obturating 
partitions These have been observed and termed bandclettcs 
obturantes’ b} N Van der Stncht ('OS) and ‘luttsubstanz or 
‘Iuttluuc’ b} Held (’09) fins material stauis mtcnsel} with 
iron hcmatoxjhn like the superficial terminal bars with which 
it is in continuit} , and corresponds to them m nature and 
chemical constitution It gives rise not to ‘lines' or ‘bars/ but 
to true septa, uniting parts of the cells and obturating the 
subjacent intercellular spaces These partitions exist not only 
between contiguous developing and definitive heads of inner and 
outer pillars, but also between the apical surface (that turned 
toward the apex of the cochlea) and basal surface (thit turned 
toward the base of the cochlea) of the heads of each spiral row 
On the other hand they are altogether lacking along the medial 
surfaces of the heads of the inner pillars and the lateral surfaces 
of those of the outer (figs 1 and 3, lb) 

The second stage of development is characterized b} a rapid 
enlargement of the future head of the outer pillar (fig 4 ohd), 
so that it readies the site of the intermediate portion or even 
surpasses it, when the process of cytohsjs progresses along the 
tunnel space (fig 7, op) Vt first the head remains smaller next 
to the surface, but soon this portion expands and becomes 
somewhat larger than the deeper part (fig 1 ohd) and acquires 
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a cubical or prismatic shape, the larger base of which touches 
the surface of the oignn of Corti, its tapering apex blending 
with the much smaller pillar body Jn cross-sections the prism 
is squnic or ciuadrangulai m shape 
Dining this piocc^s of enlargement of the he id, mam re- 
markable changes occur 1) A considerable shortening of the 
head segment (hg 7) as if the compact substance of the lower 
pirts had been pushed upward Morcoiei, there can be no 
doubt that at the same time, the incuolited cytoplasmic rone 
of the intermediate portion of the pillar extends upward along 
the pi unit no head, so that the pillar body becomes longer at 
the expense of the latter 2) A pccuhai transform it ion of the 
protoplasm of the he ids of the outei and inner pill m,, close 
to and through the ag(W\ of the obturator septa Pinnitnely 
(onipact, homogem mix or granular, entireh different from the 
y Kimlated oi fibrillated cytoplasm abo\e referred to, the pro- 
toplasm of the head becomes comcrted mto a denser material, 
s( umng intensely with iron hematoxylin Thc-e changes occur 
m suu csMon, first within the heads of the outer (figs 1 and 7, 
olid) then within those of the inner pillars (fig S ilul), m 
proximity of the obturator septa separating then apical from 
their basal surface-., later, along the medial surfaces of the he ids 
of the outer pillars, and tmnll} along the literal sairfaces of the 
heads of the innu pillars, close to the obtuiator partitions which 
sepal ite ihc-c two elements (fig 0, ohd and thd) In sections 
tangential to the surface of the organ of Corti these altered 
cytoplasmic portions ire seen m the form of deeply staining 
uniform planocomox nifts-cs, the planar surface of the clump 
of one head adjoining that of another mass belonging to a con- 
tiguous head (tig 11) In leality, each planocomcx clump is 
the section of a \crtieal band or scnncolumn Tlius m each 
head t licit* appear tlnce somicolunms, which at first are separated 
fiom one another but m more achanced stages coalesce to form 
a smgle band or imperfect collar open toward the side of the 
head uhcic the obtuiator matciial is lacking (figs 7, S, and 9) 
What mechanic al factors cause these structuies to appear is 
uncertain It can only lie stated that this dense and homy- 
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like exoph^mic head collar dev clops and extends in close contact 
with the intercellular septa, as if the material elaborated at the 
periphery of the cytoplasm to increase the amount of extra^ 
cellular cement were prevented from leaving the cell and 
retamed within tins collar, the staining capacity of which 
gradually increases, while the more central protoplasm, the 
endoplasm, becomes clearer and paler This head collar has 
been described m the embrjomc pillar cells bj N Van dor 
Stncht as ‘plaque cuticulaire,’ m the adult organ by Schwalbe 
( ? $7) as ‘ellipsoider Einschlusskorper,’ b> Toseph (00) and v 
Spee (’01) as ‘ Kopfeinschlues,’ and b} Held (’02) as ‘Kopf- 
korper ’ 3) A change m the direction of the phalanx process 
and the mtracephahc rootlets of its fibrils Previous!} (fig 1) 
inclined almost vertical!}, this fibrillar bundle gradually takes a 
more oblique course (fig 3, oph), becoming in tunc ncarl} hon 
zontal (figs 4 and G, oph) not onl> outside the head but also 
within it, the fibrils occup}ing its superficial part This altera- 
tion is caused doubtless bj the shortening and considerable en- 
largement of the head and constitutes a striking evidence that 
this enlargement is the result not onl} of a sheer expansion but 
also of a process of stretching of its lower parts m a more liori 
zontal and radial direction, as if pushed upward b} the strain 
of the elongating pillar bod} At the same tune this pre suio 
involves a conspicuous short cuing of the previous cephalic seg- 
ment The peculiar clnngc in the direction of the phalanx 
pTocesB 1ms been observed b> A \an dcr Stncht and bv 

nold (’09) 

Inner pillars In the adult organ of Corti the superficial 
portion of the inner pillar can be divided mto three parts 

The apex, or ‘Kopfplattc’ of Held the 1 Innenpfeilcrzellcn 
sehnabcl’ of v Spec and Ivolmer ( 09) the plaque cCplmliquc ou 
membrane fibnllnire’ of N \ an der Stncht Tins is a \cr> thin 
quadnlaternl membrane (fig IT) elongated rndmll} and 
stretched between the apices of the sustcntacular cells (ongmallv 
the outer pillars) and the sensor} cells (oh 1 ) of the first outer 
row and the apices of the supporting (i* 1 ) and acoustic (t/i) 
elements of the inner row of lmir cells It constitutes a port of 
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the nil mill •inn roliuilaris and is (ibnllai m structure, the fibrils 
miming paiallel to the axis of the plate and in fontmuitv with 

1 how* of tin head 

'I lie mm ailed ‘hod’ is fonned of at le ist (.wo segments, the 
‘'innlln superficial one bung in elose (ontnet with the liend of 
th< onto pillai In the bat the njipei p irt appears to be 
rulnud from compression between neighboring elements, to n 
simple libnllntid hnielh fhg W" ,T ifut), white m the lower 
put thn< is i tlim ( \topliisnm lmir Intend to the fibrils (fig 1 i T 
iM) In the white rnt dig 17, ilul), the common rat (tig IS 
thth, mid pirtiuilaih in tin eat (fig ‘I, ihf!) fwche dais after 
birth this supirtiud lame Hi is obi mush thicker its lateral 
(\toplasmu li\u being laigrr In the bat (fig 13 T xhd) and 
other mummuls this Imr in< rinses ui hrodth at the lei el of 
the lovu ji irt of the lie id winner without an} demure ntion it 
blends « tth a target deepet segment iiits xs riot connected 
with tin outer pill u lmt is situated below the howl of the 
littu It is a little shorti r than the supeifinal segment md 
gi ultmlh tapirs md lontinues with the both (ipb) of the pill ir 

During the first st ig(> of its del elopmont the future head of 
the inner pillai u a fom-sided somewhat tlattened pris-m (fig^ I, 

2 and 1 i/>) nearh uniform m diameter lit hough tapenang to 
its apc\ It is eomposed of a granul ir or homogeneous ecto- 
plasm and a bundle of fibrils, which oecupi the modi d side of 
the lowet p irt of the pi wn and the central atea of its supeificial 
portion when, in the eirhest stages of dciclopment, the fibrils 
aie ui mged m the form of a hollow tulnilo (fig 3 ip) which 
Intel gi\is usi to a solid bundle During the second stage of 
deielopment the future he id undeigoes no ion maikcd changes 
Bi i omprc'sion fiom the outer pillar head its superficial segment 
hoi nines somewhat tlnnnei - lamellar m shape (figs 4 md G 
i/))— while its low ei segment maintains its preuoiis size or 
onlatges shghth in the neighborhood of the pillu boeli Vt the 
same tune the 1 1 ansfoi mat tons alien e mentioned are omirnng in 
its ectoplasm m the pro\nnit\ of the obtmator septa In older 
to clourii leeogm/e the lamellar shipe of the snperfici d segment 
of the held, uoss-see turns ate needed \ longitudinal fibrilla- 
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tion as illustrated m figures 7 and S (t hd) indicates an oblique or 
more or less longitudinal section of the pillar, and such prepa- 
rations are liable to misinterpretation 

The most remarkable changes occur at the level of the free 
apices of the inner pillars the summit of the pillar scaffolding 
The gradual development of the head of the outer pillar, situated 
just beneath this summit, produces a radial extension of the 
latter, and the transformation of a very small square field (figs 

I 2, and 3, <np) into a long narrow fibnllated membrane or head- 
plate Tins gradual extension is clearly shown m figures 4 (mp) 

7 (r pi) and 8 (i pl\ ipl 11 ), whereas no enlargement in a spiral 
direction is noticeable On measuring the radial diameters of the 
fibnllated head plates in figures 3, 4, 7, and 8, and comparing them 
with the radial diameters of those portions of the membrana 
reticularis mcludcd between the plates and the outer border of 
the apices of the third row of acoustic elements, it is found that 
the former are respectively represented bv about 1/11 1/2 75, 
1/2, and 1/1 64 of the latter Hus statement gives a rather 
accurate picture of the rapid enlargement of the head of the 
outer pillar and the subsequent extension of the superficial inner 
pillar plate, that is, of the portion of the nicmbtntia reticularis 
formed by the latter during the dev elopment of the tunnel space 

From this description it is also evident, according to \an 
der Stricht (p 610), that the extension of the apex of the inner 
pillar is due solelv to a mechanical factor a compression bv the 
underlying enlarging head of the outer pillar This view has 
been corroborated bv Held (’09) He docs not mention the 
description given by N Van der Stricht but states (p 212) 

II Te mehr der Ivopf des Aus*cnpfeilers sich bildct und m seiner 
Masse vrachst, um so dunner wird fiber dim die Ivopfplattc des 
Inncnpfeilcrs ” In its extension the head plate undergoes im 
port ant structural changes Ongmollv formed of u dear cyto- 
plasmic field (fig* 1 and 3 atp) coni uning a diplo*omc or two 
central corpu clo the elongating plate becomes subdivided into 
two zone* a htcnl *nmll clear zone enclosing (he diplo=omc 
(fig 7), and n mednl more extensive fibnllated one This 
continue* to lengthen and ib composed of *c\cral parallel lion- 
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hon/ontal bundle ( opli " ) and is outlined b> n thinner apiral 
hoidor or wall, and a larger basal bordei, the bulk of the licad 
On )u m (rating into the head Die fibrils of the pillar boch (o ph) 
In (ame dmded into two fn<-( letili, a tliinner apical, and a broader 
basal one '1 he fonnei seems to lie shorter and its fibrils spread 
out obltqueU through the conesponehng lip, the lattei i« longer 
ami its fibrils spread out fanhkr dig J ~>, oh]) through the basal 
pmlion of tlie head, and seem to ennoarh upon the more homo- 
geneous head loof When the two sjstens of fibrils are not 
slaimd the head roof can be mort rleirh seen to continue into 
the two bm «lf rs of the notch In the cot hie i of xoung animals 
(fig HI, ohl) the grome is much larger and its bps max be mis- 
taken foi s ( (turns through two different separate bodies. Die 
'olhpsoulcr 1 unsc hlus-horpei * of s *chwalbc and losepli r lhese 
bodies do exist m earlica st-igos of dox elopmcnt, but later, with 
the mof, the\ form one stiuctuie — the head cap 

I lie elong it ion of t lie* phalanx process of the ontei pill ir will 
lx dealt with m the next (hipter 

Tlu (Inilopiiunt of tin specie x of \vcl 

With the exception of xeix shoit references su ( h is those 
jilludcd to alien e no mxcstig it ions haxo been carried out to 
determine the fcnmation of tlie spues of Xucl Hence the 
problem appeirs to he a \en knottx one and almost unolx lble 

In the cochlei of adult anunals the largest of these spices is 
repicscnted In a spiral cleft between tlie outer pillars and the 
kU bodies of the ban and supporting cells of the fir-t outer 
low '1 ins space max lx termed the f iM spice oi the first 
spiral interstice of Xuol \nothei deft, which max attnn 
considerable v/e, is the fennth spue oi spiral interstice of 
Xu el '1 his oont uns the philmx processes of tlie cells of 
Deiteis of the thud row md is included between the Imr cells of 
the thud row and the so-called cells of Iknscn It is the ‘ex- 
ternal tunnel of Ilelcl (02) \ second and a thud spice or 

spiral mtcistuc of Xuel contain the phalanx processes of the * 
cells of Deit era of the fust and second rows re«pectneh, the 
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former situated between the outer acoustic elements of the 
first and second rows, the latter between those of the second 
and third rows The second and third spaces do not extend 
between the long subjacent cell bodies of the supporting 
elements 

Appearance of the first spiral space of A r u cl This doubtless 
dev clops before the others and before on\ trace of the tunnel of 
Corti The first trace of its appearance nm\ be seen rarelv 
(fig 1) before the enlargement of the future heads of the outer 
pillars, in the form of clear, vacuolated, prominent \csiclos on 
the lateral surfaces of the outer rods of Corti How these 
vesicles arc produced is uncertain, thc\ seem to be only transi- 
tory and appear rather abrupth , as though due to pressure 
within the clear fluid contained in the vacuolated medial zone 
of the outer pillars, and as though part of this fluid had been 
driven across the outer fibnllated zone of the cell to give rise to 
large prominent vacuoles These arc seen along the lateral 
surfaces of the intermediate, the ba*al and occasionally even 
parts of the superficial portions of the outer pillar^ In more 
adv aneed stages their outlines and connections with the secreting 
cells become indistinct, and the vesicles are replaced by a com- 
mon fluid mass, pervaded by' a few delicate trabeculae in process 
of disintegration or liquefaction (fig 3, SN) Tins process is 
not unlike that of cytolysis by which the fluid of the tunnel is 
produced It is noteworthv that a distinct outline or a super- 
ficial membrane is never seen, either on the lateral surface of the 
outer pillarb or on the medial surface of the inner pillars so that 
under special conditions of mtraceUul it pressure, fluid may 
exude and pass into intercellular channels The cleft, filled up 
w ith this fluid, is the fust space of Isuel It enlarges gradualh 
and extends toward the membrana basilans from which even 
m the adult cocldta it is separated by the lateral expansions of 
the feet of the outer pillars 

From this description U would appear that the initial domi- 
nant factor in the development of the cleft corn>ponds to a 
difference in pressure in two parts of the outer pillars the large 
vaeiiolated medial zone where clear fluid is being accumulated, 

ti c jot* At. rrmif i ti r "ifr oloot W 3 
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hu<1 the Muf'ico of Ihc (lbrillat ed /one*, where a peculiar structure, 
Jho absence of a membianc, and a lowri pressure*, promote an 
exudation of fluid In tin** le-pect a second important factor 
rl< ‘■on es duo roiiMdoration i o , the shifting of the outer pill irs 
'flu* o structure- ongmnllx are incorporated within the fir-t rou 
of outoi hair nils and although their c\ti unities remain uhi.ajs 
fi\(d, their bodies are pushed mxxiird and inside of the acoustic 
o{< Hunts so that at hast a \irtuil, if not a tme space appears 
bt fov the first rov of outer It ur tolls, between t lie nucleated 

petitions of the ells of I)< iters of the first rou (fig ], d l ) and 

the oute r jull u - (op) 'J his \ irtiial ( left contains a spiral bundle 
of mm films and lepresenfs the future space of Xuel 

'I la enlarge tuent of t he spaci of Nitel is doubtless promoted 
In a third ptcnharitx a ehnnge in the shape of tlie outer pillar 
\\ In n the * lufting of tin is latter completed, and before am ap- 
pi iranfo of a deft, the lateral surface of tlie rod of C’orti is a 

piano ri prt ented in a \ertual or oblique section In a straight 

im. Uuiig with the lateral (\tension of the foot upon the 
b i-ilnr iiiimbmne* (fig .'h op) and the appear met* of tlie head 
( In's | and 7 and In a < onsulerahle elongation of the 

intermediate portion (the futuu both, fig 7, opb), winch is 
onK possible b) ' irtue of a < un niton the straight line becomes 
letrhedh < until its omiauh being turned towards and 
embracing the cleft 'Ibis n»n\ he a more important factor 
than appears at first s|g fit Indeed, in prewous imc^tip-iUons 

(in pri*ss) it has been noted that the shifting of the cells of 
Dutem mu\ he tomphtetl (that is to s< u the intent acular 
dm cuts of the* first outer row mu be situated beneath their 
eoric spoiuhng hair cofls) before am lppearmce of a tunnel 
spue (tig M of the preMom piper), or exm of the true space of 
Xitel In such tigurcs the original straight line persists al- 
though the he uls of the outer pillars ire laige but the lateral 
extension of tlie ft <*t is defined 

Slmrlurt anil tran^fm imilwn icac/c n/anc by Ihc phalanx piaci^es 
of llu ouk r pillar^ Miotild am doubt he entertained as to the 
process of ex te»h sis dong the literal lower parts of the outer 
pillars, the struetuies and the transformation undergone In 
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their phalanx processes afford striking e\idcnee of such a lique- 
faction In the abo\e description of these apical bands which 
unite the phalanges to the outer pillar heads, the most distinct 
constituent, the fibnllated bundle, alone has been mentioned 
In the early stages of the de\ elopment the band is composed of 
fibrils collected mto a fasciculus which is surrounded b} a clear 
granular cytoplasm Before the space of Nuel reaches the 
membrana reticularis this phalanx process proper is \cr\ short, 
being limited to the portion running between two neighboring 
hair cells (figs 4, oph 8 and 11, oph 11 ), and the portion ljmg 
under the phalanx itself (figs 8 and 11, oph li ) In other words?, 
the enlarged head contains the longest part of the fibrillar 
bundle (figs 8, oph ly , fig 11, oph tlt , oph lr ) and co\ers com- 
plete!} the head plate of the inner pillar The loof of the 
dc\ doping space of Nuel is made up of two strata, the lateral 
thinnest part of the outer pillar head (fig 11, oph ,li , compare 
with figs G and 12), and the lateral part of the superficial 
striated membrane (fig 8, ipl n ) When the first interstice of 
Nuel has attained its entire extent in the adult organ its roof is 
composed of the lateral part of the head plates of the inner 
pillars (fi^s 13' 17, and 18, ipl il ) strengthened In equidistant 
parallel, fibnllated bundles, portions of the ultimate phalanx 
processes (figs 13 m , 17, and 18, oph ili ), which run in an oblique 
direction toward the spiral rows of pillars (fig 13 u ) 

Figures 13', 13“, and 13 ,u illustrate the structures of this 
roof at these succcssi\c lc\cls in the adult organ of Corti 
Between the apices of the inner hair cells (?/t) and the outer 
sensor} elements {oh 1 ) thc\ show rcspectrvch a superficial 
plane— the striated liead-platcs of the inner pillar cells (fig 13‘, 
ipi u ) — an intermediate plane tomposed of parts of the pre- 
ceding plates (fig 13‘ 1 i pl x ) and parts of oblique subjacent 
fibrillar bundles, and a deeper plane (fig 13* ) showing from 
the axial to the lateral side the row of fibnllated lamellae, heads 
of the inner pillars (t hd) the row of outer heads, a gap nearh 
as large ns the preceding row and bridged across In equidistant 
fibnllnr bundles (op/i 1 *'), entirch do\oid of clear cytoplasm 
The gup is the upper floor of the space of \uol (*?Vj which is 
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of Doitcrs of flic third row, which remain in situ between the 
third low of sensor} elements and the cells of Ilcnsen, will 
nj>))cii the Inigo fourth interstice 
Ih fore the appearance of any space the phalanx proce-s is 
oomjmsed of a clear evtoplnsnuc sheath, enclosing a darker, 
axial mitochondrial strand, which by juxtaposition and fusion 
of the ehondrioconts becomes gradual!} transformed into an 
axial hbnllated filament The process is larger at its base, 
wlueh is-ues from the mieleatcd cell body and tapers to the 
superficial meinbrnim reticularis 

lu a kitten nine dn\s old, at the lo\cl of the apical spiral 
turn of the cochlear the second, third, and fourth sustentacular 
intei sticcs are still filled up with the umnodified phalanx proc- 
s„ Unit intercellular spaces are absent In the second 
turn, narrow channels nppeir and are somewhat larger near the 
surfne e of the epithelium than towards the lns C of the procc~.es 
Inw rscl\ the piocesscs ha\o become reduced in diameter at the 
expense of their clear piotophsm Vt the le\el of the bgsil or 
third turn the enlargement of the s-pnccs of Nuel and the re- 
duction in h/o of the CNtopIasamc sheath of the phalanx proc- 
ess arc much more marked It must be noted that the 
thinning out of the litter is not the result of a sheer concomitant 
elongation, foi these alterations ire lccoinpanied by a con- 
siderable elongation of the nucleated cell bodies of the sus- 
tentaculai elements, imohing a subsequent shortening of the 
supported hair cells, hence of the neighboung phalanx processes 
lliese become 11101c slender on account of a process of elabora- 
tion and secretion and a subsequent cxtiusion of clear fluid 
from the protoplasmic sheath Whcthci, as man} preparations 
seem to proic, this discharge is accompanied I)} a process of 
true c\tol\sis is unccilmn, for these structures are \en delicate 
and the ^linkage caused by the reagents might gi\e rise to 
artefacts liable to misinterpretation 

The fom th space of Nuel develops in the some manner as the 
second and thud, and when it appears, is but little larger than 
the others It is occupied bj the apical processes of the cells 
of Deiteis of the third row Origmalh as long as the neigh- 
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boring sensor} elements, these processes are more numerous 
(previous paper) and larger than those of the first and second 
supporting rows Situated outside the hair cells of Hie third 
row, they are not -squeezed and impeded m their lateral cv* 
pnnsion like the others It is not to be wondered at that the 
products of secretion or cytoplasmic disintegration around the 
apical fibrillated bundles arc more abundant and result in an 
expansion of the fourth interstice Nevertheless, the process of 
dev elopment is identical w ith that of the tw o preceding spaces 
and therefore the appbcation of a special term, external tunnel 
to designate this formation is unnece c sarv However, there can 
be no doubt that phalanx processes of the cells of Dcitcrs of the 
third row retain their cytoplasmic sheath much longer than the 
othorSfand maj show parts of it in the adult cochlea as pointed 
out by Held (’02) for the ‘apical tvpc of these cells m guinea- 
pig cat, dog, and even the motive In such cases these processes 
are m closer connection with the outer wall of the space than 
with the medial 

In the basal spiral turn of the cochlea of a kitten twelve dajs 
after birth (fig 12), the floor of the second third and fourth 
spaces of Nuel is formed bv parts of segn ents of the cells of 
Dcitcrs (d 1 , d 11 , d‘“) supporting their corresponding sensor} 
elements (oh 1 , oh li oh 11 ) The medud and lateral boundaries 
of the second interstice are represented, respcctivch b} the 
lateral surfaces of the hair cells of the first row and the medial 
surfaces of those of the second The medial and lateral boundaries 
of the third interstice arc represented respect ivel\ b} the lateral 
surfaces of the hair cells of the second row and the medial sur- 
faces of those of the third The adjoining surfaces of the 
acoustic elements of each senvon row arc separated b} narrow 
clefts through which all of the spaces of Nuel intercommunicate 
these channels ongmallv occupied bv the phalanx processes of 
the sustcntnculnr celts (tlio^c of the find season row being the 
superficial segments of the outer pillars) arc liberated after the 
shifting of the phdanx processes Vt first verv nirrow and 
virtualU obliterated b\ the process of enlargement of the hair 
cells these intercellular clefts become wider bv the reduction in 
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J] 'I lio second, third, and fourth spaces of Nuel aie located, 
n-pirliwh, between the first and second, the second and 
thud, and the thud jow of lian colls and the cells of Ilcn^en 
(atioplned ban nils of a fourth row) These spaces do not 
<\Wnd down between the sustentacula) elements, but communi- 
cate with Ctrl) othei and with the first spice through clefts 
h< tween the hair (ells These mtcreellulm channels, oiigmallj 
in ( upicd In the phalanx piorcsscs of the sustent icular elements, 
biionii (ice after the shifting of the latter into the neighboring 
medial spi< t s the phalanx processes of the cells of Doiter-, of 
the thud low Humming in situ 

12 Lull of tlicM* phalanx pioocx.se-, is composed of an axial, 
fibrillar filament and a peripheral, clear, cytoplasmic sficitfi In 
the cour-o of dculopment tins sheath beeomes thinnei and may 
disappear In a jmiic's of sn return, whuh gnes rise to the fluid 
iont nits of the prinntne second, third md fourth spices of 
\u< 1 

1 1 1 he roofs of the snond third, and fouith spices of Nuel 

and of tin mUrccllulnr (lefts between two neighboring hair 
i ells of cadi seiwtn row arc made up of delicate membranes, 
purtrill\ tibrillated whuh belong to \ irious pirts.of the pha- 
langes of the suslentiuular elements 

pj 1 he fluid contents of the tunnel md the first spice of 
Nud ire sj pirated from the filmllatcd bisement membiine of 
tin m mbr ma hasilaris by ft tlun protoplasmic cocering bc- 
ongmg to the feet of the mnei and outer pillar cells They 
iitctc oinmumi ate through clefts between the outer pillars incl 
communicate with tlm-e of the second, third, and fourth spices 
of Nml '1 he fluid of all the spaces of Nuel is sepanted fiom 
the* ( mlolvmph of the cochlea duct by the roofs of these mtcr- 
Mues, \on thin membranes, entirely or partial!* fibnllated 
‘-udi structures doubtless promote the propagation of xibratory 
wa\cs from the bstsilm membumc to the membrana tectona, 
contained m the eot blear eanal 

Ml the mat ei ml and reagents necessary for the piesent lmesti- 
gnt.ons w ei e supplied In Di T Wingate Todd, Director of the 
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Anatomical Laboratory of the Medical School, Western Kcseno 
University, Cleveland, Ohio It affords the author great 
pleasure to express lus deep gratitude to Dr Todd 
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r\i i a' ati on or ru um h 

1 Sction tnngcntnl (find somewhat oblique) io tbe surface of flic organ of 
Corti through the second (middle) turn of the cochlea Net -born 1-ittcn 
I ixation osnur and, 1 per cent aqueous solution for about one hour followed 
b\ immemon in /ink ir # H fluid ^tain Iron hcmatoxalin, Congo red, light 
gr< i n 

2 ct ion tnng( ntml to the surface of the organ of Corti through the second 
turn of thecochh » Kitten 3 days, 12 hourH afterbirth Exposure of the cochlea, 
the bon\ wall of which had preumish been provided wath two firrmll openings, 
to \aporn from a 2 per edit nqueouR solution of osmic acid for npproximatcK 
one hour, and subsequent tre it meat of the piece by trichloracetic acid 3 per rent 
in water Iron hematoxylin, Congo red 

] Section tangential to the surface of the organ of Corti through the basal 
portion of tin second turn of the cochlea Dog 3 da\s, IS hour* iftcr birth 
/inker’s fluid Iron h(inato\>hn, Congo red 

1 and f> Sections tangential to the surface of the organ of Corti through the 
basal portion of the second turn of the cochlea Kitten 3 da\s after 1 rth 
Solution of tnchlornu tie acid 3 per cent in watir Iron hcinatowhn, Congo 
red light green 

0 Ilndml acrtical section of the organ of Corti through the third (basal) turn 
of the cochlea Kitten 3 dn\s, 12 hours after birth Lxposurc of the cochlea 
to %apors from a 2 per cent aqueous solution of o^imr at id and subsequent treat- 
ment of the piece b\ trichloracetic acid 3 per ct nt in w iter Iron hcmntowlin, 
Congo red 
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H 1 "' S rtions t it»t« tit ml to tti« Mirfiirt of tin orkin of ( orti through lit* 
third turn of tlu rot hit i \tluU h it (\ t mjw rtiho fu*ru«) /cnht r * fluid Iron 
ht imtoxjhn ( otiko ml I In ligun < tlhi"trut< etrurttmi nt fiw ^urr< mm 
h m 1m of tht orcmt of ( orti 

11 mid l # i \ < rtir d Hjur »1 m rtum* of t|i» ntk »n of ( orti throukh tin m cond 
ttirn of tht cochh t \dult hit (1’ijUMtn Him miI» 4 , »i\uh) itnum •* fluid Iron 
lit umtowhn ( tittko rt *1 hr.htj.rt *n 

10 \ t rttcil •»|urM h rttou of tin nrk ill of ( orti thmukh th* m rontl t urn of 
tin tochh i \dult hit (l*ipi*»ln Hum «ul»*1 1 nrhlorv » tir ittd Iroi 

In m itnwhu C r< d, hkht k^ * n 

17 Nrtum t uiki ntnl to tlu tuirfm of tht orcnti of C orti throukh tin 
m i oud turn of tin rorhh n \dult Mint* nl l rirhlortrt tic nrtd Iron h* mi- 
towliti (onjo rul hkht n 

1^ *-i i turn t ink* lit ml to th* mirfnci of tin i»rk in of ( ort* through the third 
turn of tlu rorhW i \tluU rnt (Mth dt ttimntiiH) Hmnn •» fluid Iro i hr un- 
tow fin C onko r» d, hkht km n 
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Ccfnlog£nesis de los Vcrtchrndos 

IV Transforznnci6n rid cxtremo anterior do la cabe7a J resultante 
on la fonnaci6n dc la “nnri7 ” 

El present c trabujo trata dc la filogftic-is dc la nari 7 de los 
xertebrados \ m* ba^a cn cl estudio dctallado del extremo anterior 
dc la enbera cn Amplnoxus, \imnofoctes, Pctromx7on, Bdcllo- 
f^tonia > cl chunpantl*, junto con conMdcracione* c obre dos~ 
cubrnmcntos proxios por xarios nnat6nucos con rclaci6n a los 
nemos terminal x x dmcro-nnsnl El tabique nn^al puede con- 
Fidorar-e como un antiguo jaPrn cn la anatomfa dc los xerte- 
brndos Pcconoccmos cn cl extremo anterior dc la cabcza del 
\mphioxus la condici6n inns pnmitna dc e^ta c^tnictun cn hs 
format xixicntc^ Sc trnn^forma cn cl tabique nasal de los 
xertebrados dc^pu^s quo so nloja en Cl cl bulbo tng^nnnonasal 
Son mucins las xariacionc^ en las dnncnsioncs del tabique x en 
cl tnmafio x di^poMctfm de las cumarns na<*alc^ pero la morfologia 
fundamcntnl pennanece Intacta El liecho de que los nemos 
terminal olfatorio v ^eptalcs tanibicn exi^ten en los marsipo 
branquios cstudndos por el nutor, junto con lo<> hechos prexaa- 
mente cstablecidos en otro> xertebrados, intluso el li ombre, 
demuestran que los tre^ pnics de nerxios cranealcs estan incluidos 
cn la estructura «eptal x, por comtgutentc, cst m alojados en la 
e'tmara nasal El numero de nerxios crancales en el hoinbre es 
por csta cau^a, catorce, no docc Los 6rganos scnsormlcs iner- 
xados ])or los tres nemos craneale^ pertenccientcs exclusixa- 
mente a la cainara na«al son 6rganos del sentido qufmtco x fun- 
eionan como 6rganos dost undos a reconocer los ahmentos respi- 
ratorios } alimcnticios La mxnsi6n del tcrritorio penfenco 
terminal de los nemos craneales sensitix os por parte de nuexos 
elementos de origcn anatdnnco dixci^o x, a lo nns, su ahanza 
funcional ulterior, es tal xc? un c\^o unico Esti demostrada 
poi la distnbucidn dc hs inmas ^emonales del tngemmo en la 
cubierta epitclial del tabique, que ongmariamente e^taba iner- 
x r ado c\clusi\Aincntc por los nemos de los sentidos qumucos 
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INTRODUCTORY 

From the in\ cstigations of man} anatomists we lm\e come to 
recognize, first, that the jaw apparatus (including the tongue 
and mouth) is a mechanism built up out of old-time head carti- 
lages and newer elements demed from the gills, which has been 
added to the pnmitno \crtebrate head — m fact a mechanism of 
the trigeminus Second, that the whole auditory apparatus is a 
mechanism built up out of surface sense organs sunk below the 
surface, together with structures domed from the gills Third, 
that the ejes and adnexa arc the end -csult of the outpuslnng 
from the brain of two hollow globes, whose walls are made up of 
the pigmented light sensitne cells of that part of the central 
nenous axis behind the lamina tcrmmnlis, with numerous a^o- 
emtod parts These three prominent organ systems hn\c been 
quite thoroughh worked out and their component parts traced 
back to their origins In speaking thus of the c\o!ution of thc^c 
three prominent additions to the head, wc include tho*e other 
neces^ar} structure 1 ?, ns blood, ner\e and lymph *?uppl}, and the 
muscles connects c-ti'-Mic parts and skin, which go to correlate 
T23 
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and confer these organ systems A« regards the nose it is gener- 
ally agreed that the olfactn e organs are derived from a pair of 
sensory organs formed near the anterior end of me head which 
\ ery earh sink below the surface of the skin of the snout la r er 
to become housed in a cavity called the nasal chamber. The de- 
tails or this process and the structures involved have not been 
definitely worked out and described 

The following condensed account of some of the results of 
my study of the vertebrate nose has tor its object making clear 
the m ann er in which the human nose has come to be and also to 
homologize the several structures entering into its formation 
The literature is extensive and regarding such structures as e.g 
Jacobson s organ the X terminally and the vomeronasal nerve 
by no means harmonious either m statement of fact or interpre- 
tation Xo attempt will be made here to review the hteratu re 
it being considered more important to lay the foundation for a 
rationale tudy of the nose and nasal region of the vertebrate head. 

Beginning with the stage of head development presented by 
Amphioxus we pass to Ammocoetes Petromyzon Bdellostoma 
and Man Already in the Marsipobranchs the main features of 
h uman nasal anatomy are laid down since the nasal cham ber 
of Bdellostoma contains the terminal organs supplied by three 
pairs of cranial nerves with the endings of the invading branches 
of the trigeminus 

1 AMPH30XTS 

The anterior end of the head region of Amphioxus (figs. 1 and 
12) is compressed from side to side and has the shape of a spear- 
head viewed either from the side or above. Included within it 
we note the anterior end of the central nervous system with the 
terminal paired but unseparated eye rudiments and the primitive 
olfactive organs. This part of the nervous axis contains the 
ventricular cam tv and is the earliest stage known to us o: the 
vertebrate brain Connected with the brain from before back- 
ward are the following paired nerves f£gs. 1 2 3 4 5 6 7 and 
12) 1 X terminalis 2 The X opticus which does not extend 
beyond the brain contour 3 X olfactonus. 4 X septalis. 
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The N termmalis 1 is connected to the nght and left side of the 
anterior end of the central plate of the brain, and owing to the 
relatnel} large size of this pair of nerves the} appear, vhen 
viewed from above, like a bifurcation of the brain The\ run 
forward to the tip of the head The N opticas is cntireh im- 
bedded in the front wall of the brain anterior to the ventricle 
In Amplnoxus we hav c a stage of the e\ olution of the e} e ante- 
dating the formation of optic cups which, from Bdellostoma on, 
presents such a prominent feature of v ertebratc anatom} The 
X olfactorius (figs 2, 3, 4, and 7), being relatnel} small, is a 
short nene which arises from the anterodorsal wall of the brain 
near to the median line and, while the nght and left olfactorius 
ansc from the nght and left hahes of the brain respective!}, 
the} are usuall} drawn close together into one trunk as the} 
approach the olfactiv e organ, although the} occasionnll} remain 
separate and distinct their entire length The} run dorsad and 
cephalad and innervate the nght and left hahes of the olfactiv e 
cup just ns their homologues do in Ammocoetcs and all other v er- 
tebratcs The N septalis anses from the dorsal w all of the brain 
on either side of the median line above the postcnor limit of the 
v entncular cavity The two nerv es curv e upw nrd, forw ard, and 
outward, and run to the sides of the anterior end of the head, 
innervating the temtor} mainl} caudad of the N terminahs and 
as far back as the h} pophysis 

In Vmphioxus the bod} surfaces innerv ated b} the terminal and 
septal nencs (figs 1 and 12) are full} exposed, except the h}po- 
ph}sial region which lies within the buccal enutv, with this 
exception thev form part of the bod} contour The olfactor} 
otgnns are sunk below the bodv surface as a conical pit open- 
ing directlv on the surface and more or less pushed to the left 
of the median line b} the dorsal head fin fold 5 

The distribution of the septalis nerve in Ampluoxus is ns fol 
lows Vnsmg from the dorsolateral temtor} of the bram above 
the posterior border of the ventricle the none trunk soon sc pa 
rates (figs 1, 12 and 26) into tv\o parts The larger part curves 
fonvard and outward, dividing ns it passes to its terminal ter 
nton behind the tip of the snout which is supplied bv the N 
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terminahs The smaller branch curves forward and downward 
over the surface of the notochord and innervates the surface 
territory about the anterior end of the buccal cavity as well as 
the walls of the terminal pocket of the mouth and the dorsal 
hypophysial organ which formerly occupied a surface position 
as the preoral pit of the larva 

The terminal territory of the Amphioxus body is thus a ter- 
minal sensory organ As far as known, the sensory elements are 
isolated sensory cells distributed with some regularity of spacing 
throughout the epithelial covermg of the body m the territory 
supplied by the terminal and septal nerves These sensory cells 
have not been found m other localities They are innervated by 
terminal twigs given off from the short fibrils which issue from 
the groups of subepithelial ganglion cells belonging to these tv o 
nerves (fig 11) The close association of the terminal and septal 
nerves in their peripheral distribution is reflected m the central 
exchange of fibers (figs 8, 9, and 10) and doubtless m then’ 
physiological functions, to the extent of their being grouped to- 


ABBREVIATIONS 


Ay place of origin of the hypophysial 
organ 

B f last surface position of hypophysial 
organ 
Btj brain 

<7, position of hypophysial organ in 
adult 

G , nasal gland (Jacobson’s) organ 

H, hypophysis 

HC, hypophvsial canal 
h, hypophysial extension 
H S , hypophysial sac 
L 0, lobus olfactorius 
l i y lamina termmalis 
Mj mouth 

M' f anterior buccal pouch 
N, nose 

n, external nasal opening 
n /, nasal fold 
n n, nasal nerve 
NC t nasal canal 


JVP, nasal fold 
N p, nasopalatine ner\ e 

O, olfactory nerve 
OL t L 0, olfactory lobe 
OiY, olfactory nen e 
op, optic ner\ e 

P, anterior buccal pouch 
PiV, prenasal sac 

SN t septalis 
Sly cranial wall 
Sp, nasal septum 

S, hypophysial branch of septalis 

T, n termmalis 

T &Sy n termmalis and n septalis 
TOy terminal organ 
THy hypophysial branch of terminal 
none 

tty terminal nerve bundle 
Vy \elum 
Vy valve 
Vt , ventricle 




rig 1 \ lew of left side of the head of Amphioxus showing brain and ncr\ cs 
The terminals opticus olfactoriu , and reptahs arc the first four cranial nerves 
The apical territory supplied by tho terminal and eptal nencs is distinctly 
marked ofl from the rest of the hend and its close association tuth the optic and 
olfactory sensory structures is c\ id^nt Tlic septal territory has already undor 
gone partial migration into the buccal entity The path of migration of the 
hypophysial organ is indicated by tho letters A and IS and the dotted Iidc IS-C 
Over the outline of tho apical buccal pouch is ehoan the last surface position (in 
tho Inn, a) of the pre-oral pit (hypophyBinl organ) before its entrance into the 
mouth chamber 

1 ig 2 Vntrrolatiral mcw of tho brain of Atnphtoxus (short typo) showing 
the terminal septal and olfactory m n es nnd the region of the lamina terminali-* 
Fig 3 \ntcnor view of the same brain of Amphioxus 

kig 4 \ entrolatend Mew of the same brain of \mphioxu*i showing the first 
three nines and the infundibular territory 



10 

Fig 5 Anterodorsolateral view of a bram of Amphioxus ^transparent), to 
aho^v the ventral territory of the neuropore in the adult 

Fig 6 Lateral view of the bram of Amphioxus, to shoiv the roots of the septal 
nerve, the ventricle with its olfactor> , infundibular, and spinal prolongations 

Fig 7 Dorsolateral view of bram of Amphioxus, to sho\i paired olfactory 
nerves 

Fig 8 Ventral view of bram of Amphioxus to show the course of fibers of 
terminal nerve 

Fig 9 Posterior ventrolateral view of Amphioxus bram, to show course of 
fibers of terminal and septal nerves 

Fig 10 Anterolateral \iew of another bram, to show course of fibers of 
terminal and septal nerves 
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gether as a single ner\e physiologically The remarkable per- 
sistence of these two nerves as anatomically distinct structures 
throughout the entire \ertebratc senes from Amphioxus to man 
is noteworthy and needs further attention from anatomists 
The concentration of the chemical sense organs, olfnctnc seme 
organs, and light perceptive organs at the anterior end of the 
neural axis is strikingly shown in Amphioxus and the anatorm of 
the nasal chamber of man as herein described shows that the 
morphological relations of these structures have not been much 
disturbed throughout the evolution of the vertebrates In 
Amphioxus the neural lips of the anterior ncuropore maintain 
their original relations in the adult Tins is indicated by the 
position of the terminal and septal nerves which supply the tip 
of the head and the organs connected with the v entral end of the 
neuropore, the hypophysis, while the olfactoiy nerves supply the 
organs connected with the dorsal end of the neuropore, the nose 
The whole neuroponc territory is concerned with testing ali- 
mentary and respiratory supplies, i e , food in the broad sense 

2 AMMOCOETES AND PETROMVZON 

The head region of Ammocoetcs has the shape of a truncated 
cone with the snout truncated from above, downward, and back- 
ward In the larval Petromyzon the superficial territory inner- 
vated by the terminahs and septalis which m \mplno\us forms 
part of the body surface is withdrawn into the protection of a 
nasal canal along with the olfactory organ and opens secondarily 
to the outside through the nasal canal Confining our attention 
for the present to the morphological equivalents of the parts 
just described m Amphioxus, vve find the spear shaped primitive 
tip of the head withdrawn bodily into the nasal chamber to 
form the nasat septum of Ammocoetcs each half rceemng a rich 
nerv e supply from its N tcrminnhs (fig 13) The characteristic 
condition of the septum in Ammocoetcs furnished the key for the 
solution of the problem of the homologies of the nasal organ of 
vertebrates On cither side of this septum (fig 14) vve find the 
olfactnc organs each with its N olfnctonus The N «cptalis 




Fig 11 End twig of terminal nerve with ganglion cells and peripheral fibrils 

Fig 12 Ventral view of snout and mouth of Amphioxus, to illustrate rela- 
tions of bram to anterior buccal pouch, and the distribution of the terminal 
and septal nerves as seen from below The hypophysial organ with dorsal 
buccal groove running caudad and the band of thickened epithelium running 
cephalad are shown In the drawing the head is expanded laterallj to make 
room to show the parts clearly 

Fig 13 Sagittal section of brain and nasal organs of Ammocoetes, to show 
relations of olfactory and terminal nerves to the bram and the olfactory and 
terminal organs 

Fig 14 Horizontal section of bram and nasal organs of Ammocoetes, to 
show relations of olfactory and terminal nerves and the nasal septum 

Fig 15 Three cells from the ‘nasal 1 epithelium of Ammocoetes, one olfactive 
sense cell and two ciliated epithelium cells from the ciliated ‘gland' of the ter- 
minal organ 

Fig 16 Part of a section of the ‘gland 1 of the terminal organ 
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passes to the «eptum along with the median bundles of the olfac- 
tory nerves The optic nerves are yell developed and leave 
the base of the brain below and behind the N terminally Owing 
to the formation of heav} lips surrounding the mouth- -which 
in the adult became the ‘sucking disk’ — -the nasal tube opens on 
the top of the head m front of the brain region The olfactory 
organs and nerves are completely separated from each other in 
Ammocoetes bj this nasal septum, which from its origin we 
recognize as a fundamental as well as an original landmark m 
head anatomy At the base of the septum is a glandular 
structure (figs 14, 15, and 1G) which is innervated bj the ter- 
minal nerve This paired gland is a more or less constant fea- 
ture of the vertebrate no^e from Ammocoetes up to man It 
has been described m many forms os the organ >f Jacobson 
Between the Amplnoxus and Ammocoetes condition of the ter- 
minal and nasal region of the head there has occurred a trans- 
lation of this region ventrad and caudad m the agittal plane 
w ith a concomitant enlargement of the nasal organ and the sepa 
ration of its right and left hah es bj the interpo ition of a sep- 
tum formed b> the spear-shaped tip of the head In other 
words, the olfactive organs have migrated ventrad along the 
sides of the septum Thus the olfactiv e organs come to he laternd 
of the terminal and septal temtorj, instead of dorsal, as m 
Amphio\us 

In Petromj zon marinus the tip of the primitive head has been 
sunk still further below the surface of the bod> and surrounding 
it the nasoliypophysial canal has been complicated bj the for- 
mation of sacs and pockets with valves and folds for the recep- 
tion and control of the water to be tested The olfactive 
organs bav e been expanded and pushed forward ns well ns down- 
ward, wlnlc the terminal and septal structures occup> the \cn 
tropostenor portion of the nasal capsule This portion of the 
complicated lineal organ lias been described as a gland It is 
made up of a ‘•cries of pockets or tubes which open out on the 
face of the wedge-shaped terminal organ to become continuous 
with the folds of the septal region of the nasal chamber (figt* 
17 and 17 A) 
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brain inside the median fissure and nenr its anterior end, but 
separate from the median olfactory nerve bundle which leaves 
the tip of thq median part of the olfactory lobes The septal 
nenc also runs \entrad before coursing forward to supply its 
peripheral territory The olfactory nerves arc enormously de- 
v eloped and the non c of each side supplies three complete and 
two half folds (plates) of the compound nasal organ, all of 
which, heretofore, has been called the olfactory organ The 
N terminalis in Bdellostoma presents a stage intermediate 
between Vmphioxus and the Selachians 8 In the former, the 
olfactory nerves are small and in their primitive terminal posi- 
tion on cither side of the dorsal end of the neuroponc raphC, 
while the N terminalis is relativ ely largo, leaving the brain nearly 
midw ay between the olfactory organ and hypophysis, and stnctlv 
terminal in its positions as regards the adult brain 

In Bdellostoma the olfactory nencs have become enormoush 
increased and overshadow the N terminalis, which, while it 
remains terminal m its peripheral distribution leaves the brain 
near the anterior end of the olfactory lobes within the median 
fissure The development of the olfactory lobes is» so great that 
the pnmitiv e anterior end of the brain is co\ ered o\ or and its rela- 
tion obscured The great increase in size of the olfactory nerves 
causes them to enfold the forebram in an inclosing o\ ergrow th of 
the olfactory lobes, which apparently forces the roots of the ter- 
minals upward, but they retain their relative position with ref- 
erence to the exit of the olfactory nerv e, v iz , mesad and v entrad 
of it In Amplnoxus we found branches of the septal nerve 

Fig 20 V cntral view or Bdellostoma nasal organ to shots the distribution 
of the olfactory terminal and septal nerves the median terminal organ and 
other na aP folds 

Fig 21 Same v icw of nasal organ and imsohj pophj ml canal in Bdellostoma 

Fig 22 Lateral view of nasal organ brain and nasohv popbjsial canal of 
Bdellostoma 

Fig 23 A Section through the muco a covering terminal organ of Iidello- 
ptoma Inc lasers of epithelium cells are hown above the basement mem 
brane beneath which he? a plexus of nerve fibrils gnen off from the ganglion 
cells mg below B Tour ganglion cells from same sertion C Surface view 
of epithelium from same terminal organ to show relation of on or> cells lo other 
surface cells 
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innervating the hypophysial organ In Bdellostoma the hypo- 
physial blanches are given off from the terminal nerve In 
mammals it has been shown by Huber and Guild- 1 and Larsell 5 
that both terminal and septal branches run to the organ of 
Jacobson, 1 e , the terminal organ In Bdellostoma, the gan- 
glion cells of the terminal nerve he in the terminal organ (fig 23) 

4 CHIMPANZEE AND MAN 

In man as described by Brookover 0 and m the chimpan 7 ee, as 
my dissections disclose (fig 24) the N terminalis leaves the 
brain ventrad and mesad of the olfactonus and passes forward 
to the lamina cnbrosa In man they pass through this plate 
along with the septal and olfactory nerves and run ventrad to 
terminate m and about Jacobson’s organ In the chimpanzee 
the nerve on leaving the brain enters the pia and takes its course 
forwaid to near the lamina cnbrosa v here it passes into the 
dui a and leaves the cranial chamber along with the bundles of 
olfactory fibers Its course outside the cranial chamber v as not 
traced The recently published researches of Larsell 5 on sev- 
eral mammals show conclusively that both the terminal and 
septal nerves are, in this class, preserved m their ongmal rela- 
tions to the olfactory nerve and bram The nasal chamber m 
man, therefore, contains the surface distribution of these three 
most ancient cranial nerves as well as the surface teimmations of 
invading branches of a fourth and more recent cranial nen e, the 
trigeminus (fig 25) 

5 THE ANTERIOR CRANIAL NERVES 

We thus find that the nasal septum and related parts form one 
of the most ancient and least changed morphological complexes 
in vertebrate anatomy Reacting to physiological necessity, 
the advanced outposts of the central nervous apparatus of verte- 
brates were withdrawn early in the life of the phylum more or 
less deeply into the protective hood furnished by the overgrowth 
of the muscles supported by added skeletal structures, and body 
covering from teintory lying behind the region of the primitive 
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Tip 21 \entrnl ucu of right cerebrum of Troglodj tes (rhimpan 2 ee) toahrw 
intrn cranial course or Is tcrminalis 

I ig 25 Sagittal section of nasal chamber of man from Toldt to indicate 
extracranial course of N terminal is drawn m from Broohover a dc cnption 
The septal nerve (Vomcrona al) practically parallels the course of the terminal 
branches The invading branches of the trigeminus aro also shown 

Tig 20 Six diagrams illustrative of the translation of the chemical onto 
organs of the ncuroponc territory of \tnpbioxus from tho expo ctl po ition on 
the surface of the head to tho mclo ed condition found in Bdcllo tomn where 
they arehou ed in the na al chamber \ Pre Amphioxus stage with the hypo 
ph\sial orgnn still outside of and in front of the buccal cavity B \mplnoxus 
stage with tlic hvpophy ml organ in ide the buccal cavity, said organ being tho 
first of the apical territory to find protection C Po t Vinphtoxus stage in which 
the overgrowth of the trigeminal structures has hou. ed in the remainder of the 
apiral territory of the \niphioxus head Tins apical regio i furnishes the nasal 
ciptum together with the onion structures a oemted with it in the no e of thi 
higher vertebrates D Bdellostomn stage in which a nasopharyngeal partition 
hns appeared partly separating nasal an 1 burcal chamber* L \ cntrnl view of 
stage C F \entral view if stage D 
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brain, in fact, from the territory of the trigeminus nerve, we there- 
fore find that the advanced outposts of the bram, the most 
anterior sense organs of the body surface, m all forms above 
Amphioxus are tactile sense organs of simple or complex struc- 
ture belonging to the trigeminus as distinguished from the 
earlier group of chemical sense organs, belonging to the ter- 
minal, olfactory, and septal nerves which form the anterior sen- 
sory outposts in Amphioxus This change in the character of 
the sensory outposts is of course a result of forward overgrowth 
of the trigeminus mechanisms We also find that the tri- 
geminus structure has not only surrounded and housed m this 
group of chemical sense organs, but has also mvaded the origi- 
nal olfactory and terminal sensory territories supphed by the 
NN termmahs, olfactonus, and septahs, and here performs some 
function of a tactile sort Along with the housmg of the chemi- 
cal sense organs there has been built up in the long senes of verte- 
brate forms a large vanety of control systems of valves, doors, 
guide folds for the control of water and air currents, their admis- 
sion, guidance, and expulsion varying in different animals as the 
case may be The emergence of vertebrates from water breath- 
ing to air breathing has not affected the physical conditions of 
the functioning of the chemical sense organs, for they still are 
kept wet and pick up their stimuli out of a liquid medium, 
thanks to the moisture supphed by the ‘ mucosa 7 With the 
exception of the jaw apparatus and related parts, no smgle 
change of, or addition to head structures has caused greater ♦ 
changes m contour or anatomical detail than the housmg of the 
chemical sense organs Owing to the failure to recogmze the 
presence of both the terminal and septal nerves, the first arising 
ventrad of the olfactonus, while the second arises dorsad of the 
olfactonus, much confusion exists m accounts of the so-called 
nervus termmahs In all vertebrates yet examined, one of these 
nerves is found to be present, which maj r arise neai the dorsal 
surface of the bram or near the ventral surface In many forms 
both pairs of nerves have been found Further investigation 
will doubtless show that both nerves are present m all \ ertebrates 
In order to make final decision, it vail be necessary to trace the 
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nerves to their central ns well ns peripheral terminations The 
pre-ence of coordinating sympathetic fibers in the terminal and 
septal nerves seoms to be defimtelj proved in a number of the 
species studied The diagrams shown m figure 2G cov er four 
stages in the transformation of the npical head region of \m- 
phiovus into the nasal chamber and septum of the higher forms 
Stage A is pre- Vmphioxus condition The hypophjsml organ 
(pre-oral pit) is shown on the outside of the head in the position 
it reaches during larval life just before it enters the buccal 
chamber Here it is in the surface territory innervated b} the 
septal nerve 

Stage B represents the relation of the parts in the adult Ain- 
plnoxus The hypophv ‘ual organ is housed m the bun al cavity 
Stage C is a pre-Bdellostoma condition antedating the forma- 
tion of a nasobuccal partition The entire head terntor} of the 
Amphioxus stage is now housed in the buccal chamber and pro- 
jects into it along the sagittal plane, forming a partial septum 
which parti} separates the nasal portion of the common naso- 
buccal chamber mto right and left nasal chambers 
Stage D represents the Bdellostoma condition Ihe primitive 
apical terntor} is now enclosed in a ‘na^al capsule/ open below, 
which is divided into right and left halves b> the terminal organ, 
which forms a complete septum for structures of the capsule 
The nasal chamber is further separated from the buccal cant} b} 
a horizontal partition The* nnsohypophjsial canal is an exten- 
sion forward and backward of the nasal chamber 

The cranial lurries in man are not, therefore twelve in number, 
but fourteen In the order of their connection with the brain 
we ma} tabulate them as follows 


Nerve 1, terminally 
Nerv e 2, opticus 
Ncrv e 3, oUnctorius 
Nerv e 4, septafis 
Nerve 5, oculomotonus 
Nerv c G, trochlearis 
Nerve? trigeminus 


Nerve S, abduccns 
Nerve 9, facialis 
Nerve 10, acusticus 
Nerve II gtossophnrvngcus 
Nerve 12, vagus 
Nerve 13, ncce^orius 
Nen e 14 hv poglossu* 
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6 COMMENTS ON FUNCTION ’ 


We know almost nothing of the function of the terminal organ, 
of Jacobson’s organ, of the hypophysis We are perhaps war- 
ranted m assuming that the terminal, olfactory, and septal nerves 
have to do with special chemical senses, of which above Amphi- 
oxus the olfactory sense plays the predominant role Next m 
importance stands the terminal sense organ, which we find 
from the fishes on, as the organ of Jacobson, a paired sense organ 
of the nasal chamber which appears reduced m importance as 
compared with the olfactory organ, although m the Ophidia the 
reverse appears to be the case The functions of the nerves in 
the nasal chamber may be divided as follows 


Chemical sense 


Tactile sense 


Olfactory ner\e Testing alimentary foods 
Terminal nerve \ , n , , - , 

Septal nerve / restlng respirator > foods 


Trigeminal nerve < 


Testing for solid bodies m 
the respiratory currents and 
sensing the pressure and the 
current flow 


Although the chemical sense organs have been housed in the 
nasal chamber, they have, so far as the structure of the sensory 
surfaces are concerned, remained in a primitive state These sense 
organs have not developed accessory parts m such degree as 
have the eye and ear In the case of the eye, the vitreous 
body, lens, cornea, lids, etc , have been added to increase the 
precision or enlarge the range of its functions, there has been 
added to its hght-perceiving function the optical reactions 
In the case of the ear, there has been a parallel evolution of the 
primitive function of wave-motion perception by the addition of 
tone perception, with the cochlea as its anatomical expression 
In both cases there has been a progressive increase m the number 
of protective structures as well as of parts serving the increase 
of precision and enlarged range of function In the case of the 
chemical sense organs of the nasal chamber there has not been 
such considerable mcrease of subsidiary parts or peifection of the 
sensory structures, and they therefore remain organs w hose stun- 
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uli belong more to the subconscious domain of reaction to the 
en\ ironment than is the case w ith either the ey e or ear E\ en 
when conscious attention is directed to the reactions of the nasal 
organs, they can only partly be brought into the realm of defi- 
niteness This is proved by the fact that from the days of Aris- 
totle down to the discov ery of the terminal nen o thero was nev cr 
a hint of anything more than an olfactivc function Even in 
man to-day the olfactivc function is a vague and uncertain sense 
in itself and needs, in order to make certain the interpretation 
of the stimulus, the assistance of other sense organs, e g , the 
eye or the ear To illustrate, most persons are sure they can 
recognize the odor of the rose, specifically, a given variety of 
rose, v\ith whose characteristics they arc familiar, but blind 
folded and lacking tactile stimuli they cannot identifv with cer- 
tainty the source of the odor, often indeed it may toll up the 
memory of violet odor or some other odor It is diff< rent w ith 
the eye By sight alone and within a considerable range of 
distances we can recognize any object of definite form which we 
have seen before The car stands between the nose and eve 
with regard to definiteness and certainty of the results of the 
stimuli While we can 'smell' an odor and not be able to iden 
tify it, and can hear a tone and not be able to place it in the 
scale, we can always recognize objects by sight, by cither their 
form, color, size, motion, or all combined All three senses are 
quite equally and similarly limited by the upper and lower 
limits of intensity' of stimuli Although the nasal senses lack 
conscious definiteness, when compared with the eye or ear, 
they are not on that account less determinative of physiological 
(and psychological) reactions They arc primitive and funda- 
mental senses When stimulated, the nerve reactions, even 
though subconscious, may be propagated far and w ide through- 
out the nervous apparatus, much like ‘sympathetic' reactions 
Rarely is there an instantaneous response such as so frequently 
results from sttmuh of the auditorv nerve The cranial nerves 
of the nasal chamber have not the intimate associations with 
the ‘voluntary ’ muscular apparatus that the auditors apparatus 
has Our knowledge of both the peripheral and central rcla- 
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tions of the four cranial nerves having endings m the nasal cham- 
ber is very imperfect Even more fragmentary and obscure is 
our knowledge of their functions 

Winding W ay cud Valley Road 
Cincinnati January 20 1019 
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Un mecamsmo retinal para la visi6n eficiente 

Las c61ulas visuales y el pigmento retinal de muchos vertebra- 
dos infenores exhiben sorprendentes movnmentos a la luz y en 
la oscuridad Los expenmentos comumcados previamente han 
establecido qne la rapidez de estos eambios ba sido muy exagera- 
da La validez de la suposicidn, tambien muy extendida, respecto 
a su umbral de sensibilidad extremadamente bajo, ha sido m- 
vestigada despu6s por el autor Tal determinacidn es importante 
en vista de otra suposicidn diseordante que considera que los 
eambios en la posici6n de las c61ulas visuales a la luz mtensa y 
a la difusa favorecen la visi6n de los eonos y bastones, respectiva- 
mente, mientras que los movrmientos correspondientes del pig- 
mento retinal tambi6n aumentan mecdmcamente la eficiencia 
visual En otras palabras, si los beneficios reputados como 
adaptativos se denvan de tales eambios fotomeedmeos, las re- 
acciones a la luz difusa deben ser esencialmente id6nticas con 
las que se sabe ocurren en la oscuridad total Esta suposici6n 
sin embargo, es en su mayor parte gratuita Las reacciones de 
estos elementos bajo la acci6n de la luz de intensidad graduada 
prueban que el umbral de estimulaci6n es notablemente elevado 
En general, el m&ximo de reaccidn hacia la luz aparece primero 
en una mtensidad kimmosa que permite justamente la lectura 
de los caracteres de imprenta ordmanos De aqui que la su- 
puesta sensibihdad f6tica elevada de las c61ulas visuales y pig- 
mento retinal no queda probada, mientras que las condiciones 
meedmeas para una visi6n de la penumbra, te6ncamente mas 
eficiente, se establecen sobre una base experimental 
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A RETINAL MECH INISM Or EmCIENT VISION* 

LESLIE B AHE\ 

The /Wia/oimcal Laboratory of the A orthvcslcm University Medical School 

TWO TEXT FIGURES 

PRELIMINARY 

It is a well-established fact of retinal physiology that the 
visual cells and retinal pigment in many of the lower vertebrates 
exhibit striking mov ements in light and in darkness 05 a, ’1G), 
although in man and other mammals such changes apparently 
are slight (’lob) 

The pigment cells have processes, probably fixed which mter- 
digitate with the visual elements and in which the pigment 
granules migrate to and fro (figs 1 and 2) The visual cells 
likewise modify their positions due to the contractility of the 
so-called myoid, winch is that portion of the inner member of 
the rod or cone between the ellipsoid and the external limiting 
membrane The extensibility of the my Old is variously de- 
v eloped, but m some animals the extremes of change may be as 
one is to ten (’16) 

There is represented in figures 1 and 2 the condition of the 
retina, with respect to these changes, as it is characteristically 
found in a fish, the common homed pout, Aineiurus In dark- 
ness (fig 1) the pigment w lthdraw s tow ard the chonoid, thus 
exposing the visual rods and cones, of the two types of visual 
elements the cone extended, whereas the rod is so retracted 
that its ellipsoid lies close to the external limiting membrane 
In light (fig 2) the appearance is reversed, the pigment now 

1 Contribution No 09 March 3, 1910 The expormsental data were obtained 
at the rnirport Biological Station while a gueH o{ the Lnttcd States Bureau of 
Tishenes 
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2 

Fig 1 The effect of total darkness on the position of the retinal pigment and 
of the visual rods and cones of the fish Ameiurus nebulosus The pigment is 
withdrawn toward the chonoid, the cone mjoid elongates, the rod m>oid 
shortens 

Fig 2 The effect of bright, diffuse daylight on the same retinal elements of 
Ameiurus The pigment moves forward toward the external limiting mem- 
brane, thereby masking the visual rods and cones At the right of the figure 
the positions of these visual cells are indicated — rods elongated, cones shortened 

ABBREVIATIONS 

chr , chorioid, mb Inn ex , external limiting membrane, my bac , rod myoid, 
my con , cone myoid, yd cl pig , base of pigment cell, vcl , sclera, st nl ex , exter- 
nal nuclear lajer, st pig , pigment layer 
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pushes outward to mash the visual cells, while the=e latter occupy 
mutually reciprocal positions — rods elongated, cones shortened 
^uch positional changes haxc been interpreted as of us C m 
furthering efTicicnt vision It seems logical that the masking 
pigment of the light phase would sene to protect the dehcato 
visual elements from the o\erstrong influence of light (Climrim, 
'OG), while the insinuation of such pigmented process between 
the individual xisual elements effects for the latter a certain 
degree of optical isolation by acting as an absorbent of dis- 
persed rajs refracted from neighboring cells (Garten, ’07) 
From the standpoint of sensory reception, the shnrpne»s of the 
retinal image is in this way enhanced The withdrawal of the 
pigment in dim light might be thought to imolte a respond 
which allows the \ isual cells to utilize all the w eah light a\ ailable 
Furthermore, there is good reason to behex e that the cones are 
concerned with bright-light vision, the rods with dim light or 
twilight vision Hence a shortening of the cone m bright light 
drawing it down nearer the source of illumination while the rod 
at the same time elongates and is thus mo\cd out of the wax, 
would appear to be a useful manemer (Herzog, *05, Exner and 
Januschkc, The com erse procedure in dun light — bx winch 

the rods are shortened and the highly rcfrnctile cones, with their 
lens like ellipsoids no longer masked bv pigment, arc length- 
ened— would be equalh adxantagcous (Garten, 07, Vroj , ’15 a) 
Tor the detailed applications of the^e apparently ndaptixe 
responses the reader is referred to Garten (’07), who gixcs an 
extended consideration of the correlations within the xertchrate 
classes between the morphology, optical qualities, and distnbu 
tional ratios of the rods and cones on the one hand, and, on the 
other, their moxements together with the migrations of the 
retinal pigment 

Interesting and logical as these speculations max lie, thc\ ncx- 
ertheless lack a sound experimental basi^ It is certain that the 
moxements ns summarized m a preceding paragraph occur re- 
spcctnely in dax light and in darkness but smeo respond in 
total daihness cannot l>e useful m the manner suggested, it is 
obxious that in order to demo the reputed ndaptixe benefits 
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from such photomechanical changes, the responses m dim light 
must be identical with those demonstrably occurring m the dark 
This assumption, however, is largely gratuitous 

The supposition of an identity between the set of responses 
ensumg m dim light and m darkness is further complicated by 
certain conflicting statements and beliefs There is a general 
impression current that the retmal pigment and visual cells react 
to the slightest traces of light, this is reflected in the statements 
of many workers who have feared their results would be im- 
paired unless the strictest precautions were observed 

On the basis of actual experimentation, however, the earliest 
observations are encountered m the wntmgs of Angelucci (’90), 
who reported that five minutes of candle light caused the frog’s 
cones to be highly shortened, whereas the pigment remained as 
in darkness On another page, nevertheless, he records that 
after twenty minutes of twilight the pigment assumed the light 
position, but the cones are influenced to a less degree T 

Somewhat later, Pergens (’97) wrote that after a five hours’ 
exposure to colored hghts (red, yellow, green, and blue) of an 
intensity such that colors could be distinguished by an observer 
after one minute of dark adaptation, the cones of the white fish, 
Leuciscus rutihs, are strongly retracted The weakest response 
was reported from the blue — a result, however, not m agreement 
with Herzog’s (’05) later findings on the frog The latter 
worker found the blue-violet most effective, although it should 
be added that the duration of exposure employed by him was 
only two minutes 

In a further communication (’99) Pergens confirmed his earlier 
conclusion that the pigment migrates least extensively m red 
hght (equal intensities being used), but mod fied his previous 
belief regardmg the inefficiency of the blue to provoke cone 
retraction 

Exner and Januschke (’05) performed some experiments, 
which, unfortunately, are not trustworthy as evidence Speci- 
mens of the fish Abramis brama were exposed during the late 
afternoon, the experiment continuing through the period of 
failing light and terminating at dusk Examination showed the 
cones to be m the position characteristic of hght 
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In a few experiments Garten and Weiss ('07) found that light 
in which colors could not be recognized, acting for five or more 
hours, caused the cones of the frog to assume a position inter 
mediate between that characteristic of bright light and of total 
darkness A limited pigment migration was reported as well 

These same workers made observations on the fish \bramis 
brama, contained in a dish lighted b} reflection from the cov er 
Tw o grades of illumination were chosen in one colors held within 
the container could not be distinguished, m the other the} were 
recognizable According to the results giv en, in the first grade 
the cones were maximally retracted in nine retinas and partial!} 
so m seven In the second grade the cones w ere foui d shortened 
m all the eight retinas used, whereas the pigment exhibited no 
noteworthy change except m the sector constituting the \entral 
one-third of the eye 

The foregoing statements reveal the following conditions 
Angclucci’s several pronouncements m the same publication, if 
not actuall} contradictory, at least serve to befog the i^suc 
T he use of colored lights by Pcrgens was unfortunate, moreov cr, 
the rchabiht} of certain of his conclusions is questionable Exner 
and Jnnuschhc’s experiments were so ill devised as to furnish no 
crucial evidence The results of Garten and Weiss suggest an 
extreme sensitrvit} of the cones to low light intensities, whereas 
the pigment patcntl} lias a higher threshold Finall}, there 
exist no dnta concerning the responses of the rods to weak light 

It is clear that if the visual elements and retinal pigment are 
as highl} sensitive to mere traces of light, as often has been 
held, the} can assume no useful positions in the ordmarv dim 
light of rod vision, while the utility of a response evoked under 
conditions of virtual darkness will still await an explanation 
Vccordingl} , it w as w ith the intent of learning the true conditions 
that this investigation was undertaken 
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PROCEDURE 

Essential to success in a determination of this kind is the 
choice of appropriate experimental animals Previous experi- 
ence with a variety of forms led to the selection of two fishes and 
the frog The cones of the golden shiner, Abramis crysoleucas, 
have large, conspicuous ellipsoids and are so highly mobile that 
the light-adapted myoid can shorten to one-tenth its maximum 
length m darkness ( J 16) The cones of the common grass frog, 
Rana pipiens, are easy to observe, but shou a narrower range of 
movement, the limits of extensibility being as one is to four 
The rods of the horned pout, Ameiurus nebulosus, not only are 
of exceptional size in comparison with the usual diminutive ele- 
ments of fishes, but they also undergo changes m length in the 
ratio of one to ten (T6), the value of Ameiurus for experimenta- 
tion of this sort cannot be overestimated There is a further 
inherent advantage m the animals chosen, masmuch as their 
visual cells remain at a uniform level during the characteristic 
positional changes The retinal pigment of all three animals 
exhibits extensive movements m darkness it is confined to a 
narrow zone at the bases of the pigment cells, whereas m the 
light' i\ migrates nearly to the external hunting membrane 

Temperature is an additional factor which must be carefully 
controlled, although the necessity of this has been recogmzed 
only recently (’16) In dark-adapted fishes a temperature 
near the freezing pomt brmgs about a maximal contraction of 
the cone myoid, such as is characteristically associated with the 
action of light, while raising the temperature to the limit which 
is compatible with life proportionately elongates the myoid 
Light, however, is so much more effective than temperature that 
the latter factor does not enter as a complication m the light 
adaptation of cones The relatively slight quantitative effects 
of temperature acting m darkness on the position of the rods 
and on the distribution of pigment may also be disregarded 
In the frog, on the contrary, high and low tempera tuies evoke a 
maximal expansion from the pigment during dark adaptation, 
complete contraction bemg obtainable only at an intermediate 
grade of about 15°C , the cones, however, are shortened at the 
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upper temperature limits alone From these statements it fol- 
lows that to obtain significant results from experimentation 
upon frogs a temperature of about 15°C must be maintained, 
while wath fishes ordinary summer temperature of 22°C , or 
higher, is favorable 

Experiments were conducted m a large, window less room into 
which w eak da} light of a non directive nature could be introduced 
from a second room, the latter, m turn, recened its light directl} 
from windows located at the end far from the single communi- 
cating door Vmmals w ere tested under fi\ e different conditions 
of illumination 1) total darkness, 2) light in which the presence 
of objects could just be determined, 3) light of an intensit} 
which allows the certam identification of bright colors, 4) light 
which just permits the reading of ordinary journal print, 5) 
bright, diffuse daj light Exposures lasted two or three hours or 
more 

As experience pro\ed, these seemmgl} rough criteria of light 
intensit} are sufficientl} accurate for the purposes required, 
with a little practice such grades can be kept fairl} uniform 
Permanent preparations of Perenyi-fixed, paraffin infiltrated sec- 
tions sened as a basis for stud} 

To further brcvit} and clearness, the results obtained from 
experimentation will be condensed to mere summaries 

EXPERIMENTATION 
A Retinal pigment 

1 Frog In total darkness, and in light of just sufficient 
strength to allow objects or colors to be discerned, the pigment 
lies in a narrow stratum near the clionoid When the illumi- 
nation is increased just sufficientl} to allow the reading of ordi- 
nan print, the pigment, for the mo4 part, becomes expanded, 
m some cases completely in others in a zone onl} three-fourths 
the maximal breadth 

* Tor Amciuru* another mtcn«it\ — one which enables ordinary print to bo 
cnsilj rc*\d — w as also utilized 
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2 Ameiurus The pigment of this fish is at first more sensi- 
tive than that of the other animals studied, migration being 
distinctly initiated m many (or perhaps most) individuals at an 
intensity by which the presence of objects can be detected At 
the next grade (colors distinguished), expansion is veil ad- 
vanced, although the pigment does not extend the maximal dis- 
tance, for it is dense at the cell bases, but sparse distad In 
hght in which one can just read, the expansion is nearly com- 
plete, but does not become maximal until the illumination is 
sufficient to allow easy reading 

3 Abramis The effect of light is not apparent until it is of 
such a strength that colors can be recognized At this intensity 
the pigment in about half the individuals was essentially in a 
condition of greatest contraction, the remamder showed the pig- 
ment well started, but not extended at most more than half the 
way to the external limiting membrane Owing to a sudden 
failure in my supply of animals at the end of the season, I secured 
but few observations on the effect of hght which makes reading 
possible, the pigment m those animals studied, however, was in 
a state of partial expansion only, so that it appears safe to con- 
clude that stronger illumination is necessary to allow expansion 
to proceed to completion 


B Visual cells 

1 Cones The cones of Abramis and the frog remain fully 
elongated, m the characteristic dark positions, until the illumina- 
tion is so increased that colors are recognized At this intensity 
the cones of Abramis show distmct indications of incipient re- 
traction, while those of the frog are less than half their former 
length men illuminated sufficiently to allow readmg, the frog’s 
cones shorten maximally, the cones of the few Abramis studied 3 
weie likewise greatly shortened, but not completely so 


3 As on the tests on the retinal pigment of this animal, further expenmenta- 
tion would have been desirable, but the supply of a%ailable material suddenly 
ceased 
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2 Rods Until an intensity is used at which printed matter 
can be read, the rods of Amciurus remain in the typical short- 
ened condition of darkness, at about this grade, hone's er they 
apparently begin to elongate slightly Anv considerable degree 
of lengthening must first appear only in stronger light 

DISCUSSION AND CONCLUSION 

These results, as compared with the findings of Garten and 
Weiss (compare p 347), indicate that there exists a rather loner 
degree of photic sensitivity in the visual cells and retinal pig- 
ment than they maintain Nevertheless, it must be apparent 
to all, not only that m the subjective choice of arbitrary grades 
of light a variable personal factor enters, but aho that the de- 
scription of stages thus chosen cannot be expressed in accurate 
terms It is possible, of course, for any one person to standardize 
these grades fairly well for his own experiments, on the other 
hand, the determination of a critical intensity, such as that in 
which ‘colors can be distinguished/ depends on one* individual 
acuity m color discrimination, on the brightness of the test 
colors, and on the decision os to whether these colors are to be 
just distinguishable with intense scrutiny or to be identified 
with case In any event, it appears that my first grade of 
illumination (that m which objects were discernible) was un- 
doubtedly of lower intensity than the weakest employ ed In Gar- 
ten and Weiss (compare p 347), it lay far below the point 
where colors cease to be recognizable, this latter constituting their 
lowest grade 

Moreover, it is not impo^ible that the intensity of light to 
which their animals were actually subjected was higher than 
Garten and ci<*s supposed Their animals contained in a 
‘spacious basin/ received light (clectnc) reflected downward 
from the co\er After the experimenter had accustomed Ins 
eye to total darkness for five minutes, the condition of illumina- 
tion was judged by looking downward into the dish at colors 
placed directly o\cr the surface of the water \s to whether 
this is a method which tends toward underestimating the light 
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conditions actually obtaining in the basin, the reader may decide 
for himself 

There is one further circumstance which on casual considera- 
tion might be held responsible for the quantitative divergence 
between my results and those of Garten and Weiss The} r con- 
tinued their experiments in most cases for five hours, while my 
determinations lasted on the average perhaps three hours It 
seems plausible that the long-continued action of very weak 
light might register an effect not manifest m shorter periods 
That this possibility is not operative m the cases under consid- 
eration follows from certain other observations of Garten and 
Weiss They repoit maximal cone retraction in the fish after 
the weakest grade of hght employed had acted m one series for 
thiee hours and in another crucial senes for one and one-half 
hours Garten also records that in hght too weak to distin- 
guish colors by, a shortening of the cones occurred (‘emtntt 7 ) 
in one houi 

The facts developed m this investigation ma} r for conve- 
nience be consolidated into the follow mg statement although le- 
sponses of the visual cells and retinal pigment may be initiated 
at low er intensities of hght, an approach to a ma xim al response 
is fiist ehcited at an intensity wdnch permits the reading of oich- 
nary pimt This signifies that the threshold of stimulation of the 
visual cells and retinal piqment is high, or, m other words , the 
assumed great photic sensitivity of these elements is disproved 
Furthermore, since the responses in w eak hght are substantially 
identical wuth those m darkness, the mechanical conditions are 
present for a theoretically more efficient dun-light and bright- 
light vision, as postulated (compaie p 345) 

SUMMARY 

The threshold of stimulation of the visual rods and cones and 
of the retinal pigment, at w r hich they exhibit their characteristic 
photomechanical changes, is high 

The alleged great sensitivity of these elements to hght of ex- 
tremely low intensity is consequently disproved 
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Vlthough response^ maj be initiated at lower intensities in 
general an approach to a maximal light response is firbt elicited 
at an intensitj whicli mahe> ordinary print legible 
^mee the responses m dim light approximate those m total 
darkness the mechanical conditions arc present for a thoo- 
rcticalh more cfhcient dim light and bright-light \ision than 
would otherwise obtain This increased eflicicnc} depends 
upon the assumption bv the>e elements of correlate c ad\an 
tageous positions 
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Resurmdo por el autor, Swale Vincent 

Contribucidn al estudio de los reflejos vasomotores 

La estimulacidn de los nervios sensonales en perros aneste- 
siados con dte^ o cloroformo produce generalmente un aumento 
en los movimientos respiratorios, cuando la narcosis no es muy 
fuerte o cuando no se emplea el curare Este aumento de movi- 
mientos respiratonos produce una dismmucidn de la presidn 
sanguinea y cuando son pronunciados no se puede obtener 
nmgun reflejo presor, aun estimulando fuertemente Con nar- 
cosis fuerte o compresi6n del cerebro no se produce la dismmucidn 
de la presidn sanguinea debida a esta causa La mterferencia 
mecdmca con la circulaci6n es la causa de esta dismmucidn, 
puesto que se elimma abnendo el tdra\ Este fendmeno complica 
seriamente los experimentos sobre los reflejos vasomotores En 
los perros anestesiados con dter o cloroformo o con el cerebro 
comprimido, una ddbil estimulacidn delos nemos produce genera- 
lmente una dismmucidn, y una fuerte estimulacidn un aumento 
en la presidn sanguinea La frecuencia de la estimulacidn ejerce 
efectos sobre el reflejo, cuando es rapida se obtiene un aumento, 
y con menor rapidez una dismmucidn Los nemos mds \ olu- 
mrnosos responden de un modo mds marcado al estfrnulo que 
los menores La estimulacidn de la piel, musculos e intestmo 
origma generalmente una disnnnncidn en la presidn sangumea, 
pero si se estimula la piel de un modo violento y extenso se pro- 
duce un aumento en dicha presidn Bajo la accidn de la morfina 
y el curare, por el contrario, un aumento en la presidn tiene 
lugar generalmente, aunque con la morfina la estimulacidn ddbil 
pnede producir una dismmucidn de la misma La influencia 
de las gldndulas endocnnas sobre los reflejos vasomotores no 
es clara (vedse sm embargo Pearlman and Vmcent “Endocrm- 
olo gy,” en prensa) El cambio de reflejo en la estimulacidn 
de los nemos somdticos se produce prmcipalmente por los efectos 
sobre los vasos sangufneos del drea espldcmca 


Translation by Jo^ F Nomdez 
Columbia TJnnersiti 



ACTOOR* AR 1 IRICT Or TOM fArrH I^AOEt) 

bt me LtBuocB irnjc semicr jonk 2 


A CONTRIBUTION TO THE STUDY OF VASOMOTOR 
REFLEXES 

D OGATA AND SWALE VINCENT 
Phyttolofftcal Laboratory, Vnuertity of Manitoba, II mniptff Canada 

vi\ETEr\ fioures 


CONTENTS 

1 Introduction 35*" 

2 Ttie influence of rc«pirator> mo\cmcnts upon blood pro surc^ 357 

3 The effect of the strength of the stimulus upon va omotor reflexes 311 

4 The influence of the Requeue} of stimulation upon \asomotor reflexes 3t>4 

5 The effects upon \asomotor reflexes of stimulating nmc trunks of dif 

ferent categories (senforj motor and mixed ncrxcM and of different 
sizes 3C0 

G \a omotor reflexes from norxc terminations 370 

7 The influence of the ductless glands upon va omotor reflexes 374 

8 The question ns to i\hich -\ascular areas arc constricted or dilated on 

central stimulation of somatic ner\es 37o 

9 Summnrx 37G 


1 INTRODUCTION 

Gencnl blood pressure is affected rcflexl} bj central stimula- 
tion of Mtrioua season nencs (reflex tasomotor action) I Ills 
subject has been studied alread\ bj a number of authors A 
complete list of the older investigations maj be found in 1 lgcr- 
stedt’s I ehrbuch dcr Physiologic des K^CIslaufV , papers b\ 
Asher 1 and Ba> liss 4 in Ergebmsse der Physiologic and in Nagel’s 
Handbuch dcr Physiologic (Hofmann 11 ) The luston up to 
Noa ember, 1014, is gi\cn bj Vincent and Cameron 41 Vs to 
more recent important m\ cstigntors of this problem, vc nnj 
refer to Porter,”** 1 Martin ~ * nan^on, 45- * 8 Gruber,* * and their 
re>pech\c co ^orhen, aUo to Domitrcnko* and Hunt u 11 
Even among thc«c recent m\ c^tigators there seems to be con 
•udernble difference of opinion as to what nurs be regarded as 
the usual or normal response to afferent impulses Thus Porter 

Ihw 
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and Qumby 34 say “It is sometimes urged that m shock the 
blood-pressure falls instead of rising on stimulation of afferent 
nerves This abnormal reaction was observed m several of our 
experiments ” This statement clearly involves the assumption 
that a rise is the normal effect, though it is recognized that the 
fall is a not very unusual occurrence Vincent and Cameron 43 
seem to be of opinion that the usual effect of stimulating the 
central end of the cut sciatic neive is a rise, and the fall due to a 
puie vasomotor reflex is rather rare So also Hunt On the 
other hand, Martin and Lacey 23 having observed regularly a 
definite drop m blood-pressure by weak stimulation and a rise 
by far more strong stimulation, became doubtful of the truth 
of the geneially accepted doctrine that pressor responses are the 
normal results of sensory stimulation 

These differences of opinion must be due to some factor or 
factors other than the strength of stimulus Besides the fac- 
tors most usually considered, such as different modes of stimu- 
lation, different nerves, different conditions of the same nerve, 
different narcotics, drugs, etc , there are two important consid- 
erations recently brought forward which unmistakabfy affect 
the vasomotor reflexes or comphcate the problem of their 
elucidation 

In 1915 Vincent and Cameion 43 called attention for the first 
time to a fall of blood-piessuie caused by increased respiratory 
movements They write “While anaesthesia is fairly complete 
the effect of stimulating the central end of the cut sciatic nerve 
is a pure and distmct rise As the effect of the anaesthetic be- 
gins to pass off, the effect of stimulation vail be a rise of blood- 
pressure followed by a more or less pionounced fall Respira- 
tor movements vail now be found to have been markedly in- 
creased, and the extent of the fall of pressure appears to be at 
any late proportional to the violence of the respiratory activity ” 

Martin and Lacey 03 mvestigated the influence of the inter- 
ruption of the primary current at widely varying rates, but 
failed to notice any effect, as also did Hunt 14 m his earlier work 
Only quite recently it was clearly pointed out by Gruber 8 that 
with the same strength of stimulus, pressor and depressor results 
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were obtainable b\ vnrong the rate of stimulation from 1 to 20 
stimuli per second Ibis was later incidentally confirmed b} 
Hunt 18 

Thus, for the instigation of the complicated problem of 
vasomotor reflexes, it became yer} noccssarj to lmestignte each 
possible factor eeparateh In this wa> onl} would one be able 
to answ cr correctly for the normal \ asomotor response 

The present imestigation was undertaken for the purpose of 
studying some of the factor* separately, of confirming previous 
my cstigations, and of trying, if possible, to reconcile contradic- 
tory yaews as to the conditions which determine an} particular 
\ asomotor response 

Vsc beg to acknowledge our indebtedness to Mr folm Car- 
michael for Ins yaluable assistance in all our experiments 

2 THE INFLUENCE Or RESPIItATOR\ MO\ TMENTS UPO\ BLOOD 
PRESSURES 

It is y\ell knowm that the respirator} center can easily be 
affected b} central stimulation of senior} neryes Thus Howell 13 
writes in his Textbook of Ph}sio\og} that 1 stimulation of an} 
of the sensor} nones of the body maj affect the rate or the 
amplitude of the respiratory moyemonts ’ But no mention is 
made of the influence of these moyements upon blood pre-Mirc 
The same applies to other textbooks except stnrling\ 3J in 
which we find, “The increased respiratory movtmcnU will dso 
aid the venous circulation and ha\c a similar effect m increasing 
the s}stohc output,” yvlnch would nccc'-sanl} bring about a rise 
of blood pressure But, * constant and immediate result of 
exaggerated respiratory moyemonts is a fall of blood pressure,” 
and not a rise ns Vincent and Cameron pointed out The} 
found that “the extent of the fall of pressure ippeared to he at 
an> rate largcl} proportional to the xiolence of the respiraton 
activity that the fall of blood pressure was ‘ brought about b} 
performing rapid artificial respiration by compression of the 
thorax,’ 1 that deep voluntnr} breathing m the case of the 
lmmnn subject produced a regular and pronounced low < ring of 
the blood pressure,” that the more widcl} the thorax is opened 
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the more the fall of pressure tended to become replaced by a 
rise/’ and that the effect of artificial respiration was “a rise, and 
not a fall, when the animal was under curare/’ 1 e , vhen a stop 
was put to the spontaneous respiratory movements Thus the 
fall of blood-pressure as a result of increased respiratory move- 
ments seems to have been sufficiently established 

By the majority of previous observers curare v as thought to be 
an indispensable drug in the study of the problem of vasomotor 
reflexes, with or without any consideration of its action on the 
vasomotor center itself But we know that narcotics and other 
drugs are not always fiee from influence upon these reflexes, as 
pointed out by various previous investigators , 14 29 3 and, there- 
fore, in experimental work they should be reduced to as few as 
possible or altogether eliminated (Vincent and Cameron) The 
change in character of the respiratory movements, especially 
their increase, becomes thus an almost unavoidable complica- 
tion in the study of vasomotor reflexes when curare is not used 
and the narcosis is not deep enough If this comphcation be 
left out of consideration, erroneous conclusions may be reached 
Smce the appearance of Vincent and Cameron’s paper several 
v nters have referred to the influence of the increased respiratory 
movements Unfortunately, they are not in complete harmony 
with one another Ranson and Billmgsle }" 35 36 say, “With 
stronger stimulation the greatly increased respiratory movements 
may no doubt play an important part m the drops in blood- 
pressure/’ but Gruber and Kretschmer 9 write that their “ex- 
periments do not support Vincent and Cameron’s theory that the 
fall m blood-pressure is brought about by movements of respi- 
ration which interfere with the heart’s activity ” This latter 
statement seems to deny defimtety the respiratory role upon 
blood-pressure Vincent and Cameron did not positivety deny 
that there is a true vasomotor fall of blood-pressure under cer- 
tain conditions as a result of central stimulation of affeient 
fibers But they insisted, and rightly, too, that many apparent 
vasomotor falls are really due to mcreased respirator move- 
ments We shall see later that the fall of blood-pressure with 
veak stimuli is a commoner occurrence than Vincent and 
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Cameron were inclined to believe At nuv rate, the matter is 
so lmportan that wc have repeated the experiments to test the 
effects of respiration on blood pressure 

W c ha\ e stimulated elcctricall} the central stump of «e\ eral 
cut nerve trunks (saphenous, tibial, peroneal, scmtic, ulnar, and 
median) ltli \anous strengths of stimulus 

Wien the narcosis (with ether or cliloroform) was not deep 
enough, the respirators mov ements were alwajs increased bv 
strong stimulation The most frequent response of the blood- 
pressure to stimulation, e g , of the scmtic nerv e, mav be illus- 
trated b j figure 1 

With weak stimulation there is practicall} no increase of res- 
pirator} mov ements either m amplitude or in frequency, and 
the blood-pressure is either a fall or a fall followed b} a more 
or le^ marked rise Wien stronger stimuli are applied, the re- 
spiratory mo\ ements increase either in amplitude or in fre- 
quency, or in both, and the blood-pressure rises instead of 
falling, and is followed by a marked fall The ri^e of blood 
pressure increases usually in proportion to the development of 
the strength of stimulation 

In figure 2 the anesthesia was made much deeper with the 
same animal as in figure 1, and stimuli of several strengths were 
applied to the same nerve 

There is ver} little increase of respiratorv mov ements on each 
stimulation, and the response of blood pressure is also small in 
degree The latter, as seen from the figure, is cither a fall or a 
rise according to the strength of stimulation, and the marked 
fall after the rise which is observed m figure 1 simultaneous 
with the increased respiration cannot be seen This suggests 
at once that the marked fall accompanied by rcmnrknbh in- 
creased respirator} movements might be ascribed, at run rate 
mainl} , to the influence of the latter mov ements caused b> *en- 
hor} stimulation Moreover, under brain compression it is not 
ven difficult to stop the respirator} movements entircl} , and in 
this case onl} ver> strong stimulation will initiate spontaneous 
re^pimtorv movements binder these conditions a fall of blood 
procure of the ^nme character ns that observed with an in- 
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creased respiration never occurs Thus it would not be un- 
reasonable to assume that figure 2 shows real vasomotor reflexes, 
even though weak, not complicated by the increased respiratory 
movements, while figuie 1 represents the vasomotor reflex 
masked by the effects of increased respiration 

It is often very difficult or almost impossible to obtain any 
nse of blood-pressure vhen the respiratory movements are very 
violent In those cases a marked fall is the only result of cen- 
tral stimulation of afferent fibers 

How these increased respiratory movements affect the blood- 
pressure was very carefully investigated by Vincent and Cam- 
eron After pointing out several possible causes, they came to 
the conclusion that this fall is due to direct mechanical interfer- 
ence with the heart’s action and with the return of the blood to 
the heart 

In older to confirm this theory, we opened the thorax m the 
middle line as did Vincent and Cameron, and found that the falls 
disappeared The contrast is clearly shown m figures 3 and 4 
In these two cases the same nerve of the same animal vas 
stimulated with the same strength of stimulus, m figure 3 m the 
intact animal and in figure 4 with thorax open 

In addition to opening the thorax we cut both vagi, both 
phremci, and as many mtercostals as possible on both sides, 
without obtaining very different results fiom those obtamed by 
merely opening the thorax 

In a very few cases a marked fall of a similar character to that 
due to the increased respiratory movements, was observed m 
animals with thorax wide open It was, however, soon dis- 
covered that this fall was produced by compression of the in- 
ferior vena cava by the heart which became more freely movable 
than before through openmg the thorax The heart fell back 
upon the soft-walled vein, and thus diminished the flow of blood 
to the right heart 

But it is certainly true that by means of almost puie vaso- 
motor reflex, i e , without any or with very httle increase of 
respiratory movements one can obtain a marked fall preceded 
by a rise, as shown m figure 5 
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Therefore we do not conclude that such n fall of blood picture 
is alwa}s produced b\ increased respiratorv movements But 
the important point for ut> at present is the undoubted fact that 
increased respirator} movements can and do cause n fall of 
blood pressure, and that tins fall can be easiK eliminated b} 
opening the thorax sufficicntU wide * 

These observations, along with \anous others quoted above 
from the paper bv Vincent and Cameron both on animals and 
on human subjects, confirm fuff} their statement ns to the occur- 
rence of a fall of blood-pressure brought about b} increased 
respiratory mov cments, and probnblv explain the nature of this 
fall We believe that the increased rcspirntorv movements 
caused b} sensor} stimulation form a verv important com- 
plication which has often led to misunderstanding of the true 
vasomotor reflexes 

Gruber and Kretschmer, as mentioned before, denv this re- 
spirator} effect upon blood pressure Thcv used a slow rate of 
stimulation and the fall of blood-pressure was the usual effect 
But the fall is gcncrallv thought to be a Result of weaker stimu- 
lation, and they do not don} that, the increased respirator} 
mov ements to a certain degree cause a fall of blood prc. sure 
when the stimulus is strong enough os to produce them 

Our experiments were made on tlnrtv -three dogs 

3 TI1E EFFECT OF THE STRENGTH OF THE STIMPLLS UI ON 
VASOMOTOR RLFLrNES 

\fter repeated experiments b} numerous investigator-* the 
gcncrallv accepted view as to the effect upon the vasomotor 
reflexes of different strengths of stimulus «ecms to coincide wath 
Knoll’s 11 original statement, 1 c , that a depressor effect is umi 
nil} the result of a weak stimulation while a pre-^or effect fol 
lows, as a rule a stronger stimulation Reid Hunt 14 pointed out 
that weak stimulation was one of the methods of obtaining a 
reflex fall of blood pressure, and \inccnt and Cameron noticed 
the same fact 

Among more exhaustive investigations on this point we should 
refer to tho«e In Porter ”~ ,t Marlin,**- 9 * 40 and their respective 
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co-workers The former writer seems to regard a rise of blood- 
pressure as the normal vasomotor response, while the latter holds 
a different view Martin and Lacey’s 23 experiments were con- 
ducted on cats either under bram pithing, decerebration or 
biam compression, or under ethei or urethane The nerves 
stiinulated were the sciatic, radial, median, ulnar, and saphenous 
The results of then experiments were very definite “In every 
one of the experiments the stimulation was repeated many 
times over a range of stimuli from the threshold value to three 
or four tunes the threshold Well-marked drops of pressure 
followed all such stimulations,” save m one exceptional case 
Thresholds for pressor reflexes were much higher than those for 
depressor reflexes Thus the expermients of these workeis 
support Knoll’s statement 

Our own experiments consisted in stimulating various nerves 
(sciatic, tibial, peroneal, saphenous, median, ulnar, and vagus) 
with induction shocks on dogs under ether, chloroform, and 
bram compression As to the method, we have to mention that 
the different effects of^weak and stiong currents, respectively, 
were satisfactorily attained by means of sliding the secondary 
coil up to or away from the primary, but that on many occasions 
moie than one battery was used to obtain a stronger stimulus 
The rate of stimulation was 38 to 54 in a second 

The fall of blood-pressure due to the increased respiratory 
movements bemg taken into consideration, the mam results of 
our experiments may be summarized as m the following table 


ANAESTHETICS 

FALL ITH 
WEAK 

STIMULATION 
RISE "WITH | 

STRONG 
STIMULATION 

FALL WITH 
WEAK 

AND STRONG 
STIMULATION 

RISE WAS OVL\ 
RESULT OF 
STIMULATION 

Ether 

20 

! 2 

4 

Chloroform 

14 

4 

4 

Bram compression 

12 

2 

0 

Total 

46 

S 

s 


The term Talk m the table comprises also a fall followed by a 
rise and ‘rise’ also a use followed by a fall 
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In fort} -six ca^es out of sixt}-two in total 'weak stiinuhtion 
produced a fall or a fall follow ed b\ a nse, and strong ‘stimula- 
tion caused a nse or a rise followed b> a fall V t\pical re^pon^e 
is shown in figure G 

The animal was under ether and the thorax was \cr\ wide 
open in the middle line m order to eliminate the disturbance 
from increased respirator} mo\ ements Figure 7 show s a similar 
response under chloroform 

In the remaining sixteen cases the response was either a fall 
or a rise through all strengths of stimulation which wc med, and 
the different effects with weak and strong stimulation were not 
observable 

Thus it does not seem to us unreasonable to conclude that 
w eak stimulation of the central stump of the cut non e produces 
usually a fall of blood-pressure and a strong stimulation produces 
usually a rise 

From these conclusions it maj naturally be understood that 
from the threshold of stimulation up to a certain point the fall 
of blood pressure increases with the de\ elopment of the strength 
of stimulus, and then the fall gradually decreases until a neutral 
point is reached, where the ’vasoconstriction and dilatation just 
counterbalance each other, and finally the n c e appears, which 
increases usually with the increase of the strength of stimulus 
but cannot continue \ery long, since powerful stimuli would 
elicit \igorous reflex moi. ements of the animal and obscure the 
true \ asomotor reactions unless indeed the nnunals w ere deeply 
under curare we lia\e been unable so far to find an> at- 
tempt by previous imestigators except Stiles and Martin 40 to 
describe this rather peculiar course of \ asomotor responses, we 
though it w ortli while to emphasize it m this place (fig 8) 

In our experiments wc have emploxed nFo stimuli of other 
kinds than clectnc induction shocks, nnmcl}, mechanical, ther- 
mal, and chemical In this senes tlnrt} -eight out of pi\tj-se\cn 
stimulations were effectnc, and of these thirt}-fl\e caused a fall 
of blood -pre-sure and onl} three produced a nse \s the call 
brntion of these stimuli was not so practicable ns with induction 
shocks wc cannot draw any “ver} po«iti\c conclusions, but we 
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are inclined to believe that a greater number of pressor re- 
sponses could be obtained if we could improve the method of 
stimulation so that the sensory fibers might be stimulated more 
strongly 

It thus appears from our experiments that the depressor effect 
of weak stimuli is much more common than Vincent and Cam- 
eron thought, though these observeis were careful not to deny 
its occurrence Reid Hunt, 16 m a recent paper, seems to hai e 
had the same difficulty that Vincent and Cameron encountered 
m obtaining the depressor effect of weak stimulation, which he 
ascribed to the different frequency of stimulation they employed 

The fact that a weak stimulation of a sensory nerve causes, 
as a rule, a reflex fall of blood-pressure and a strong stimulation 
a iefle\ rise, together with the statement of Bayhss 3 that the 
orthodox effect due to the stimulation of the depressor nerve 
(nerve of Cyon 5 ) can be converted into a rise by the action of 
strychnine, led us to inquire whether a pressoi response could 
be obtained by stiong stimulation of the depressor nerve So far 
as oui lesults mfoim us, neither such a strong current as would 
injure the nerve noi induction shocks up to eighty per second 
frequency could reverse the depressor response The response 
to the stnnulation after injection of strychnine was sometimes 
mci eased and sometimes decreased, but the leversal of the re- 
sponse did not appear in our experiments even with a dose 
which caused general convulsions on weak stimulation 

4 THE INFLUENCE OF THE FREQUENCY OF STIMULATION UPON 
VASOMOTOR REFLEXES 

That the frequency of stimulation has a certain effect upon 
\asomotoi reactions seems to have been known to the oldei m- 
vestigatois In 1883 Kronecker and Nicolaides 20 noticed that the 
vasomotoi centers could more easily be affected by changing the 
frequency of stimulation than by changmg its strength They 
vnte “One can never attain such a strong vasoconstriction by 
increasing the intensity of the stimulating cuirent as by mci eas- 
ing the frequency of the curient of moderate ntensity ” We 
have not been able to consult the original paper of these writers 
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From a reference in Brgebmsse tier Physiologic b\ Vsher, 1 it is 
not clear whether the stimulation was directly upon the none 
center* or reflexly through afferent ner\ as 
But the credit of pointing out clenrl\ that the frequency of 
stimulation has an effect upon va«omotor reflexe* must bo 
ascribed to Gruber* This writer remarks “That summation 
takes place with rapid rates of stimulation is undisputable, but 
it does not seem probable where the strength is more than 400 
times threshold thnt the phenomenon of summation can explain 
the different effect obtained with these rates of 1 per two seconds 
and 20 per second interruptions 99 The similar effect of fre- 
quency of stimulation was afterward proved incidentally b\ 
Reid Hunt, 1 * who considers it convenient to use the infrequent 
rate of stimulus to obtain a reflex fall of blood procure 

Our experiments on this subject have been earned out on 
dogs with rates of stimuli of 1, 2, 5, 10, 20, 40, and 80 per sec- 
ond upon v anous non cs, under chloroform and curare or under 
brain compression Though our results were not so conclusive 
ns those obtained by Gruber (m fifteen out of fortv stimulations 
similar results to his were obtained) still wc do not hesitate to 
ascribe an important r61c to the frequency of stimulation \c 
cording to Martins 5 investigations the intensity of stimula- 
tion in Z-umts is directly proportion ll to that of the current 
in the primary circuit We arranged the apparatus in such a 
wav as to get a current of a certain strength and one ten times 
stronger as wc desired With the former current we obtained a 
fall by stimulating five times per second, and a distinct n«c by 
stimulating ten times per second, while with the latter current 
wc observed a fall with the rate of stimulus one per second and 
a rise with five per second stimulations V selected record e* 
shown in figure 9, where one and the same nerve was stimulated 
with the same intensity but with different frequency 

Much more remarkable wore the rate-, of stimulation at which 
the maximum pressor response was reached 
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HATE or STIMULI PER SECOND 



l 

2 

5 

10 

20 

40 

Number of experiments whose maximum pres- 
sor response was reached at the rate of 
stimuli mentioned above * 

0 

0 

0 

4 

18 

12 


As is seen from the table, m 78 9 per cent the maximum re- 
sponse is reached between twenty to forty per second stimula- 
tion, and m one-third at the rate of forty per second Beyond 
c these pomts the effect mcreased only m four cases This phe- 
nomenon may be seen also m figure 9 

Kronecker and Nicolaides 20 observed the fact that the effect 
of stimulation of the vasomotor centers increased with the fre- 
quency of stimuli up to twenty to thirty per second, but not 
beyond this point Tur 42 also pointed out that the effect of 
stimulation of the lingual nerve mcreased until the stimuli 
reached forty per second, beyond which, however, the effect 
diminished These observations coincide fairly well with our 
ovn 

5 EFFECTS UPON VASOMOTOR REFLEXES OF STIMULATING NERVE 
' TRUNKS OF DIFFERENT CATEGORIES (SENSORY, MOTOR, AND 
MIXED NERVES) AND OF DIFFERENT SIZES 

According to the investigations of some authors, different 
nerves, apart altogether from the depressor nerve, respond dif- 
ferently to central stimulation Hofmann, 11 in Nagel’s Hand- 
buch, says “There are smgle nerves, which for the most part 
(glossopharyngeal) are depressor, and others which are exclu- 
sively (splanchmc) or preponderatmgly (sciatic, facial, infra- 
orbital, cervical nerves) pressor ” Vincent and Cameron studied 
the effect of stimulating the mam trunk of the sciatic, as well as 
its common peroneal, lateral cutaneous, and purely muscular 
branches, the saphenous, median of axilla, the hypoglossal, the 
glossopharyngeal, the superior laiyngeal, and the vagus But 
the different nerves all produced similar or comparable results 
on the blood-pressure They were strongly tempted to the 
hjrpothesis that an equivalent stimulation of a roughly equal 
number of afferent fibers wall yield similar reflexes 
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Our experiments aho havo led to the conclusion that there is 
no essential qualitative difference between the \nnous ncncs 
subjected to stimulation (^cmtio, tibial, peroneal, median, ulnar) 

V possible exception maj be made m the case of the saphenous 
It mn} be that there is a greater tendency to a fall on stimu- 
lating this nerv c than in the case of others Whatever the ner\ e 
ma> be, whether a purely sensory nene, as the saphenous, a 
mixed nerve, as the sciatic, peroneal, tibial, ulnar, or median, 
or a purely motor nerve, such ns a muscular branch of the fe- 
moral, the course of response to weak and strong stimulation was 
m most eases a fall and a rise as already described in section 3 
A few examples arc quoted in tabular form where a c clectcd 
purel} sensorj nen e and a purel} motor or a nnxed ner\ e ap- 
parent!} of the same size were stimulated in turn under entircl} 
similar conditions 


'St.nsory and motor nerres eomparrd 


ARR-AXatMETTR ar HTtULLATtOX 


1 batter) coil at SO cm 
1 batten, coil at 25 cm 
1 batter) cojl at 20 cm 
1 batter) coil at 15 cm 
1 batter) coil at 10 cm 
1 batter) coil nt 5 cm 
1 batten coil at 0 cm 


lo seconds 
15 seconds 
15 seconds 
15 second* 
1 j seconds 
15 seconds 
15 seconds 


j moirr OArntvots 

BIT 

vcji or niont 
femora lja 

-4 


mm 

Hr 

0 


mm 

Hr 

-10 


mm 

Hr 

-1 

+2 

mm 

Hr 

-10 

+2 

mm 

n R 

-4 

+2 

mm 

Hr 

+4 

— 12 

inm 

Hr 

+ 1 

0 

mm 

Hr 

+G 

-11 

mm 

Hr 

+s 

2 

mm 

Hr 

+1G 

-IS 

tnm 

Hr 

+ 14 

-12 

mm 

Hr 

+22 

-14 

mm 

n R | 

+20 

-14 

mm 

Hr 


(1 rom experiment 47 Under brain compression ) 

The sign — means a pure fall of blood pressure + a pure rise and — + 
or 4* — a mixed re*j>on*c namel) a fall followed b> an e or a ri*o followed 
b) a fall re*pecti\cl) 


Senior j and mtxrd wrrfi compared 


arraroem tt* or rriuctATtO'* 

Rloirr n rn ors 

1 Ri rr rtn c i 

1 batten coil nt SO cm 15 seconds 

1 bnttor> coil nt i» cm 1 j seconds 

1 batten coil nt 20 nu lo second* 

1 batter) roil at 15 cm 15 Mcond* 

1 batten coil at 10 cm 15 second* 

1 hxttm coil at 6 cm 1 , second 

1 batter) coil at 0 cm 15 f< coml ; 

■ 0 mm Hr 

—0 0 nun Hr 

+2 —10 mm Hr 
+G —12 min Hr 
+ s —12 mm Hr 
+ 2_ —10 tnm Hr 
+ 22 —1- mm Hr 

0 min Hr 

1 — 1 0 mm Hr 

—4 +4 mm Hr 

+2 -G mm Hr 
, +14 —10 mm Hr 
| 4-20 — 1 1 mm Hg 
! +2 1 —20 mm ITp 


(.From Experiment 47 l nder brain compre ion ) 


me JO n At, or cm 


TJ R RECROLOar lot JO o < 
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With the increase of the strength of stimulus the respiratory 
movements also increased, though not very markedly, and 
therefore some of the falls following the nse on stronger stimu- 
lation might have been more or less due to this complication 
But in the mam it seems that the purely sensory nerves have 
somewhat lower threshold than other lands of nerves (fig 10) 
Whether this is due to a large number of afferent fibers con- 
tained in the sensory nerve than in those of the other lands of 
the same size could only be decided by more numerous experi- 
ments and more elaborate methods than those we have employed, 
as, for example, the measurement of resistance of each nerve 
and more satisfactory methods of controlling the mtensity of 
stimulation in each case 

In connection with the problem as to different lands of nerves 
we have studied the influence of the size of the nerve upon vaso- 
motor reflexes The hypothesis of Vincent and Cameron is 
quoted at the beginning of this section A similar problem was 
taken up also by Stiles and Martin, 40 who compared the effect 
of stimulating two nerve paths at the same time with that of 
exciting each by itself They found that “ stimulation of two 
afferent paths at the same time has often a more marked vaso- 
motor effect than the stimulation of either path alone with an 
equivalent strength of current The degree of summation was 
only moderate 53 This shows that the stimulation of a larger 
number of afferent fibers will produce often a more marked 
effect than that of few fibers 

We stimulated two nerves of the same category but of different 
sizes separately one after another under conditions as similar as 
possible, a different number of afferent fibers bemg assumed to be 
present m the nerves of different sizes 

The results may be represented as follows, page 369 
These few examples show that the results were not very con- 
clusive We can say only so far with some confidence that when 
the responses were m the same sense, i e , when the fall or the 
use was the result of corresponding equivalent stimulations, the 
reflex change of blood-pressure was on the whole more marked 
with the nerve of larger size than with those of smaller size (fig 

ID 
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Wired neiret compared with each other 
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(From experiment 47 

Under brain comprcs. Ion ) 
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2 
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-8 
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1 battery coil at 5 cm 
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-8 
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0 
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-4 
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-4 
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(from experiment IS 

Under brain compression ) 




Thc^e conclusions coincide with the experience of ^tilcs and 
Martin and lend *5omc support to the hypothesis of Vincent and 
Cameron 

It may not be anu^ to add to these conclusions that m few 
cases when the stimuli were 'very strong the smaller none re- 
acted more Mgoroush than the larger one which phenomenon 
max perhaps be explained parth In different re istances of da- 
ferent-sized ner\es to currents of similar strength 
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Thus, so far as our experiments go, we are inclined to conclude 
provisionally that among nerves of different categories there are 
no essential quahtative differences of response, and the gi eater 
the number of afferent fibers stimulated, the more marked is 
the response of blood-pressure within a limited range of strength 
of stimulation 

6 VASOMOTOR REFLEXES FROM NERVE TERMINATIONS 

Several investigators have stimulated the nerve terminals 
instead of the nerve trunk itself 

When we apply a stimulus to a surface such as the skm we 
should bear m mind that we may actually be stimulating either 
the end-organs alone or these structures as well as the nerve 
fibers, accordmg to the mode of stimulation Any physiologi- 
cally appropriate stimulus, though mild, applied to the end- 
organs would give rise to more highly effective impulses than 
inappropriate ones Thus the study of vasomotor reflexes in 
response to stimulation of the sense organ with its most ap- 
propriate stimulus is highly desirable But even with other 
kinds of stimulation we may learn much that is valuable, be- 
cause any stimulus which plays a part m our normal daily life 
comes usually through the end-organs on the outer or inner 
surface of the body, and not by way of exposed nerve trunks, 
as m the foregomg experiments 

The skm, the mucous membrane of the nose, muscles, the in- 
testine, and other abdominal organs were employed frequently 
by previous investigators We have selected the skm, muscles, 
and the intestine as representative of regions containing differ- 
ent modes of nerve endmgs The stimuli used were mechanical 
(incision, scratchmg, pinching, kneading), thermal (hot or boil- 
ing water and cold water or lumps of ice), chemical (10 per cent 
solution of sulphuric acid), and electrical (mduction shocks of 
various strengths) The animals (dogs) w r ere under ether, 
chloroform, or bram compression 

The results of a first series are presented m the following 
tables 



\ ASOMOTOR reflexes 


371 


Mechanical stimulation of the shn 
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As is clear from the tables, almost every stimulation in this 
series, produced a reflex fall of blood-pressure, and no signifi- 
cant quahtative difference is observable either with different 
modes of stimulation or with different methods of anaesthesia 
or with different portions of the skin 

That this statement is apphcable almost without any modifi- 
cation to the results of stimulation of muscles and intestine 
will immediately be understood from the tables on page 373 
Thus it is fairly clear that the stimulation of nerve terminals 
m the skin, muscles, and the intestine produces usualfy a reflex 
fall of blood-pressure, as was reported by Vincent and Cameron 
But the threshold of stimulation for the nerve-termmals m 
the skm is very much higher than that for the exposed nerve- 
trunks Thus a stimulus which is to be reckoned a strong one 
for the exposed nerve-trunk is to be considered a weak one for 
the surface of this skm This fact explains the previously de- 
scribed results So far the effects have all been those of a v eak 
stimulation, namely, a fall of the blood-pressure 

If, now, we take steps to secure a considerably greater amount 
of stnnulation by simultaneous scratching of large areas m dif- 
ferent regions, it is not difficult to satisfy oneself that the same 
general law applies for the nerve-terminals as foi one exposed 
nerve-trunk Thus, if we scratch a limited area with a mod- 
erate degree of vigor, we get a fall, while more violent applica- 
tion of the instruments to a large area, vail give a rise (fig 19) 
In the last section we compared the effects of stimulating two 
nerves of the same category but of different sizes, and showed 
that the nerves of greater size usually surpass those of smaller 
size m their power of evoking vasomotor reflexes, and referred 
to Vincent and Cameron's hypothesis that the number of af- 
ferent nerve fibers is an important factor In our stimulation 
of nerve endings, as a rule, we could only apply the stimulations 
to a small portion of the surface Now the nerve fibers spread 
widely from the nerve trunk, and the stimulation of a nerve 
would be equivalent to the stimulation of the entire surface to 
which the nerve is distributed In other words, the stimula- 
tion of a small portion, e g , of the skm, corresponds to that of a 
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Vccftamcaf stimulation of muscles 
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Stimulation of the intestine 
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PLATE 1 

EXPLANATION OF FIGURES - 

Fig 1 The effect of increased respiratory movements upon vasomotor re- 
flexes Bitch 9 kilos 10/5/1918 Ether The left sciatic nerve was stimu- 
lated at intervals, the stimulus increasing from left to right Upper curve, 
respiratory movements Lower curve, blood-pressure Base line is that of 
zero pressure, with periods of stimulation The height of the blood-pressure 
in mm Hg is indicated bv the cm measured out and numbered Time m sec- 
onds For further explanation see text 

Fig 2 Increased respirator} movements prevented by very deep narcosis 
Same bitch as in figure 1 For explanation see text 

Fig 3 Effect of increased respiratory movements upon blood-pressure 
Bitch 14 kilos 30/5/1918 Ether Thorax intact The left sciatic nerve 
was stimulated The result is a marked fall of blood-pressure 

Fig 4 Effect of increased respiratory movements upon blood-pressure pre- 
vented by opening the thorax Same bitch as in figure 3 Thorax wide open in 
the middle line The same nerve was stimulated with the same strength of 
stimulus as in figure 3 The result is a marked rise of blood-pressure 
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PLATE 3 


EXPLANATION Or FIGURES 

Fig 12 Scratching of the skin Dog 12 kilos 9/5/191S Ether A marked 
fall of blood-pressure Respirator movements practically unaffected 

Fig 13 Application of heat (boiling water) on the skin Dog 10 kilos 
25/10/1918 Brain compression and artificial respiration A fairly marked fall 
of blood-pressure 

Fig 14 Electrical (strong) stimulation of the skin Dog 11 kilos 
14/5/1918 Ether A very marked fall of blood-pressure Respiratory move- 
ments affected very slightly 

Fig 15 Scratching of muscle (right sartonus) Bitch 10 kilos 22/10/191S 
Ether A fairly marked fall of blood-pressure Respiratory movements show 
no increase 

Fig 16 Kneading of muscles (lateral muscles of the right thigh) Dog 10 
kilos 25/10/1918 Brain compression and artificial respiration Gentle 
kneading produced a pure fall (left) and \iolent kneading a fall followed by a 
rise (right) Artificial respiratory mo\ements affected mechanically^ by r the 
manipulation 

Fig 17 Kneading of the small intestine Same dog as in figure 16 A fairly 
marked fall of blood-pressure Artificial respiratory movements slightly affected 
mechanically by the manipulation 

Fig 18 Simultaneous tracings of the carotid blood-pressure and the volumes 
of kidney and hind limb Dog 10 kilos 13/12/1918 Morphia and curare 
Artificial respiration Strong stimulation of the right sciatic nerve caused 
vascular constriction of the kidney, dilatation of the limb, and a rise of blood- 
pressure 

Fig 19 Dog 10 kilos Ether Effects of weak, moderate, and \cr\ 
strong stimulation of the skin The weak stimulation gives a pure fall, the 
moderate stimulation a rise followed by a fall while one very r strong stimulation 
gives a pure rise 
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1 STUDIES IN THE DEVELOPMENT OF THE OPOSSUM (DIDELPHYS 

VIRGINIANA L ) 

By Dr Carl G Hartman, Associate Professor of Zoology, University of 
Texas, Austin, Texas 

4 History of the early cleavage 

2 Formation of the blastocyst 

3 Description of new material on maturation, cleavage, and entoderm formation 

4 The bilammar blastocyst 

Parts 3 and 4, complete m themselves, form a comprehensive study of the early 
stages of the embryology of the opossum based on a series of several thousand 
eggs and embryos collected by the author These parts, containing 142 pages, 
include 11 lieliotypes and 11 copper half-tones, presenting m extensive detail the 
development of the ovum up to and including the bilaminar blastocyst 

Price, $2 50 

0 STUDIES ON INBREEDING 

By Dr Helen Dean King, Assistant Professor of Embryology, The Wistar 
Institute, Philadelphia, Pa 

1 The effect of inbreeding on the growth and variability in the body weight of the 

albino rat Contains 54 pages, 17 tables, 14 graphs Price, $1 00 

2 The effect of inbreeding on the fertility and on the constitutional vigor of the 

albino rat Contains 44 pages, 14 tables 2 graphs Price, 80 cts 

3 The effect of inbreeding with selection on the sex ratio of the albino rat Con- 

tains 36 pages, 10 tables, 1 graph Price, 75 cts 

4 A further study of the effects of inbreeding on the growth and variability in the 

body weight of the albino rat Yet to appear 

3 THE MORPHOLOGY AND EVOLUTIONAL SIGNIFICANCE OF THE 
PINEAL BODY 

By Frederick Tilney, M D Ph D Professor of Neurology Columbia 
Unn ersity, New York, and Luther F Warren, AB, MD, Professor of 
Medicine, Long Island College Hospital, N Y 

Part 1 A contribution to the study of the epiphysis cerebri w ith an interpretation 
of the morphological, physiological, and clinical evidence 258 pages, 97 text 
figures American Anatomical Memoir No 9 Price, $3 00 
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Embody a side-fine adjustment, (the critical mechanical 
part of any microscope) of superior type, attained as a 
result of our 15 years’ experience m making side-fine 
adjustments 

I Simplest— fewer parts—less to get out of order 

II 34 threads of the screw engaged as compared 
with the equivalent of but one in other makes 

III It has a “lateral travel” — am ndex to its position, 
relative to its limits 

IV It is “fool-proof” durable Cannot be forced be- 
yond its limits— steel stops prevent it 

The only difference between Nos 44 and 04 is that the former 
lias a quick-screw substage, the latter an iris diaphragm only 
in stage— no substage Both instruments fully guaranteed, 
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COMPARATDE STUDIES ON TIIE GROWTH Or THE 
CEHEBll VL CORTEX 

m ON THF SI7F AND SIIAPF 01 Til F CFRrBRLVl IN THF NORW A> 
RAT (MUS NORVFGICUS) AND V COMI ARISON OF TUT SF WTOI 
TI1L CORRESPONDING CHARACTERS IN THF ALBINO RAT 

N AOKI SUCH A 

Thi II t#Ior In- titutc of 1 natomy atid lhology 
TWO FiatUES VNI) TWO CHUtTS 

In connection with Tn CTrlier stud} on the size mid «lmpc of 
the cerebrum in the albino rat (Sugita, T7) I took up a sludv of 
the changes in the size and shape of the cerebrum in the \orwn} 
rat during its growth The method of investigation which was 
adopted b} me for the albino rat, was followed in this case also, 
so that for these methods it is onl} ncccssnrj to refer to tlui 
paper just cited 

table 1 shows the bod} and the brain measurements of the 
Norway rats which wero used The mdiwduals ha\e been 
grouped according to their brain weights and the nveragt meas^ 
urements for each group arc given in tlm table To distinguish 
Jiese from the like groups for the albino rat, which will often be 
referred to for comparison, a capital letter N was attached to 
ever} Norwnv rat group number A large part of tins material 
1ms been used for further studies on cortical development or for 
other purposes In a subsequent paper the individual data will 
be presented, so that the average values alone are lien printed 
The material, consisting of 02 Isorwnj rats (13 males and 19 
funnies) who^c brain weights fall between 1 I grmns and 2 4 
gruns was collected from tune to time in the ci tj nmlvicmitv of 
Philadelphia, from Vpnl to November, 1910 

1 iguns 1 and 2 show the dorsal and lateral views of the Nor 
wav rat bruin, on which the positions of the five eh imeters to ho 
i * 

y * rtvr RttiRfH-cxir r u") ko I 
mtc RT 13M 


Ti me v inro 



2 


NAOKI SUGITA 


TABLE 1 


Giving average values of the physical measurements for a series of Norway rats 
arranged according to brain weight groups Sexes combined 


DRAIN WEIGHT 
GROUP 

number of 

CASES 

BODT WEIGHT 

BODY LENGTH 

TAIL LENGTH 

BRAIN WEIGHT 



grams 

mm 

mm 

grams 

N XI 

9 

19 7 

86 

47 

1 161 

N XII 

0 





N XIII 

2 

35 5 

109 

87 

1 356 

N XIV 

12 

37 0 

113 

90 

1 436 

N XV 

5 

52 6 

126 

104 

1 536 

N XVI 

8 

65 8 

136 

118 

1 644 

N XVII 

8 

93 8 

157 

129 

1 743 

N XVIII 

4 

131 9 

166 

148 

1 836 

N XIX 

3 

193 1 

187 

164 

1 965 

N XX 

5 

250 9 

212 

179 

2 033 

N XXI 

4 

296 1 

223 

189 

2 164 

N XXII ' 

1 

336 8 

223 

182 

2 266 

N XXIII 

1 

394 0 

256 

202 

2 345 


measured are designated The dimensions of the figures are m 
accordance with the data given in table 2 and the figures are 
comparable with figures 1 and 2 given in the study on the albino 
rat bram (Sugita, T7) 

Table 2 shows the average values of the five diameters of the 
Norway cerebrum, measured at the same locations as m the case 
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Fig 1 Dorsal view of the Norv\a> rat brain weighing 1 64 grams — enlarged 
1 8 diameters To show the positions at which the two measurements for the 
width and the two measurements for the length were taken 

Fig 2 Lateral view of the Norway rat bram weighing 1 64 grams— enlarged 
1 8 diameters To show the position at which the height was measured 
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TABLE 3 

( inng the bratn icaghl for each brain Height group the cube root of tf t rain weight 
and the tmear measurements fir tn llh length and height of the ecrclrutn \or 
i ray rat II U » Width Mi It D ■=* Width CD L C ~ Ungth FC L 
Lcnglhht (sec figure /) Hi « Height UK (*e figure S) 
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of the albino rat and denoted b} the same abbreviations (figs 
1 and 2) The data arc arranged m groups according to the 
increasing "values of the brain weight at intervals of 0 1 gram 

Chart 1 gives a graphic mow of the a\crage measurements of 
the Nor wav cerebrum in each brain weight group plotted on the 
basts of the data m table 2 

A stud} of the individual records used for table 2 shows that 
within an} group the individual variabiht} does not amount to 
more than *1 2 per cent, as compared with the average values 
for the group and each diameter shows a rclativel} stead v in- 
crease, gcnerall} in cIomj relation with brmu weight 

On examining Chart 1, the curves for IT B and If D are 
found to run almost parallel and the same is true for the curves 
I G and L F us seen nlri adv m the case of the Vlbmo cerebrum 
Bv a comparison of the graphs for the width with the graphs for 
the length it is evident that the rapiditv of growth along the 
s lgitt d diameter is greater than that along the frontal diameter 
a relation that was also seen m the Ylbino cerebrum lit in- 
creases slow Iv ns tompircd with the other diameter 
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Chart 1 Gi\ing the a\ernge values of the five diameters of the Norway r 
cerebrum for each brain weight group 

• WB o- o h F 

w o » — * Hi 

« l, G 

The approximate value of each diameter can be calculatec 
the following formulas 

W B (mm ) =* Cw X V Bram weight (grams) 
where will be 12 S for a bram weighing 1 3-1 6 grams 

12 5 for a bram weighing 1 6-2 4 grams 

\V D (mm ) — IF B (mm ) — 1 25 mm 

L G (mm ) " C L X V Bram weight (grams) 
where C L w ill be 12 2 for any bram w eiglung 1 3-2 4 grams 

L F (mm ) ~ L G (mm ) X 0 955 

Hi (mm) — G n X M Bram weight (grams) 
wdiere 0 n w ill be S 5 for a bram weighing 1 1-1 4 grams 

S 2 for a bram weighing 1 4-1 9 grams 

7 9 for a bram weighing 1 9-2 4 grains 

At the first entry in this study, Group N XI (table 2), 
relative volume of the cerebrum (TF B X L G X Ht) is 

13 86 X 12 63 X S 83 = 1546 92 (see also table 3 A) 
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corresponding to a bram weighing 1 1G1 grams (both weight 
19 7 grams, body length S6 ram , tail length 47 mm and ago 
estimated at about 10 dti\s), while the rclatno volume of a 
cerebrum in the last entrj , Group h XXIII (table 2), is 

1G 56 X 1G 30 X 10 25 = 2705 09 (see nho table 3 \) 
corresponding to *a brain weighing 2 345 grams (bod} weight 394 

TABLL 3 

(7innff the relative cerebral rolumes ofcfmncfi by the formula 11 D X L G X /// * 
for each Oram xecighl group of the \ onray (A) and of the Albino ( li ) TTc altuno 
ra( train t rexght corresponding to the given Xorva jhraxn of the same age obtained 
by reducing tie A onray brain t night bit IS jxr cent is also given in ( t) 
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grams, bod} length 23(> mm and tail length 202 nun ) Vc- 
cording to these determinations, the volume mere pcs bj 79 per 
cent while the weight increases bj 102 per cent showing roughh 
that the specific grant} of a brain in the full} mature Norwa} 
rat is higher than that of } oungcr one 

B} an estimate based on the data gnen In Donaldson and 
Ilatai (’ll), it would appear that if the Albino and the \orwa> 
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brains of the same age be compared, the Norway biam weight 
is 20 to 25 per cent higher than the albino bram weight, when 
the albino brain weight is taken as the standard For the pur- 
pose of comparison in their developmental stages, I have as- 
sumed that the Norway bram would correspond to an Albmo 
brain whose weight is IS per cent less than the Norway bram 
weight of like age Here the Noiway bram w eight is taken as 
the standard The evidence for this conclusion will be given m 
detail m a later paper which discusses the thickness of the cortex 
m the bram of the Norway rat 

A comparison of the Noiway bram with that of the Albmo 
may be made m two v ays , by a comparison of brains of like 
w T eight or by a comparison of brams of like ages In Chart 2, 
the diameters of the cerebrum m the Nomay rat are compared 
■with those m the albino rat In part A of this chart, the data for 
the Norway and the albmo rats were entered according to the 
observed bram weights, and m part B of the same chart, the 
same linear measurements for the Nomay as used m part A are 
entered above bram weights which are 18 per cent below r the 
observed Nomay bram weights and which m turn represents the 
weights for the albmo brams of like age with those of the Norway 
rat The corresponding brain weights of the Norway and of the 
albino lats at the same age are given m table 3 A It is assumed 
that the albino bram w r eight is 82 per cent of that for the Norway 

If, as shown in part A of Chart 2, the comparison is made 
between the brams of the two rats using similar bram weight 
groups, TF B m the Nomay cerebrum surpasses IF B m the 
Albmo on the average by 0 4 mm LG is quite equal m both 
the rats for brains weighing 1 1 to 1 6 gms, after udnch stage it 
is clearly greater foi the Albino Ht ig on the average slightly 
m favor of the Norway 

If, on the other hand, as showm m part B of the chart, a Nor- 
way cerebrum be compared with an Albmo cerebrum of the 
same age (over 10 days), the Nomay cerebrum has a greater 
IF B than the Albmo, by about 1 00 mm , and also a greater 
L G The excess of L G m the early age is on the average 0 7 
mm , but this difference decreases as the age advances, owmg to 
the more rapid growth of the albmo ceiebrum m this dimension 
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Hi in the Norw ay cerebrum is greater on the a\ emgc than that 
of the \lbino of the same age by ca 0 Guam -Vs was to be ex- 
pected the excels m the dimensions of the Norway brain are 
greater in part B, Chart 2, where the brains are compared ac- 
cording to age, because at like ages the Norway brain is heawer 
The chief point of interest brought out by this comparison is 
the similarity in the direction of the corresponding cun es for the 
two forms and the fact that the age at which L G crosses ]V B 
in the Albino is approximately the age at which these diameters 
come nearest to crossing in the Norway 


Tabic 3 A gnes the relatnc \olumes of the cerebrum in each 
brain weight group of the Norway rat, obtained by the formula 
„ A - B 



Chari 2 Cuing a comparison of the cerebral measurements (IF 13 J (7 and 
Hi ) of the \omaj and the albino rats Part V was plotted according to tho ob 
pened weight of the brain for each brain weight group of th< Nonvnj rat Part 
B was plotted according to the corresponding weight of the brain m the \lbmo 
of the same age the \lbmo brain weights being obtained by reducing the ob cried 
weight of the Norwa} brain bj 1R per ctnt Tho measurements for the \onvay 
cerebrum were bn cd on table 2 of this paper and the measurement a for the A1 
bino cerebrum were based on table 1 of the fir*t p »per of this sern s (Sugitn 17) 
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W B X L G X Hi , based on the measmements given m table 
2 Table 3 B gives the similar calculations for the Albino cere- 
brum based on the measurements given m table 3 of the first 
paper m this series (Sugita, ’17) 

Table 4 gives for both the rats the cerebral volumes (A) ac- 
cording to brain w eight, and (B) accoidmg to age In table 4 A, 

TABLE 4 


Giving the ratios of the cerebral volumes of the Norway to the Albino rats (A) pairing 
the brains of the same ucight and (B) pairing the brains of the same age Calcu- 
lated on the basis of the data given in table S 


(A) 

(B) 

Pairs of groups m which a com 
panson of cerebral \ olumo was 
made Like bram weights 

Raticof cerebral 
volume between 
tw o groups of tho 
hko weight 

; Pairs of groups m w hich a com 
j panson of cerebral volume was 
| made Liko ages 

Ratio of cerebral 
volume between 
two groups of 
the like ago 

Nonvay 

Albino 

Albino = 1 000 

j Norwn> 

Albino 

Albino “ 1 000 

N XI 

XI 

1 016 

t N XI 

IX 

1 159 

N XIII 

XIII 

1 097 

! N XIII 

X 1 

1 27I 1 

N XIV 

XIV 

1 031 

N XIV 

XI 

1 212 

N XV 

XV 

0 994 

I N XV 

XII 

1 210 

N XVI 

XVI 

1 013 

N XVI 

XIII 

1 227 

N XVII 

XVII 

1 015 

N XVII 

XIV 

1 224 

N XVIII 

XVIII 

1 019 

N XVIII 

XV 

1 161 

N XIX 

XIX 

I 053 

N XIX 



N XX 

XX 

0 951 

N XX 

XVI 

1 212 




N XXI 

XVII 

1 221 




nxxii 

XVIII 

1 248 




! NXXIII 

XIX 

1 210 

Average 

I 021 

Average 

1 214 


1 As the reduced brain weight of Group N XIII falls between the brain weights 
of Groups X and XI, the mean value of the cerebral volumes of Groups X and XI 
T\as used in comparison 


the brams of like brain weight groups are compared, by pairing 
the groups which carry the same number By this comparison, 
it is seen that, on the average, the values for the Norway rat 
are somewhat greater, except in Group XV and in the old age 
group, Group XX, in which the reverse is true This shows that 
the Nonvay bram has, as a rule, a less specific gravity than the 
bram of the albino which has the same weight One important 
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factor m producing this relation is that the Noru ay brain is 
younger and lc*s nd\anced in myehnation than the albino bram 
of the same weight 

In table 4 B the cerebral \ olume of a Norwav rat is compared 
w ith the cerebral \ olume of an Albino of presumptiv ch the same 
age Each Norwav brain weight group is paired with an albino 
group which has the a\crage brain weight nearest to the corre- 
sponding albino brain weight of the same age with the Norway 
group The data were all taken from tabic 3 Compared m 
tins way, the Norway cerebrum has a volume about 21 per cent 
above that of the albino cerebrum of the same age, as shown m 
table 4 B 

The width-length index of the Norway cerebrum, winch is ob- 

, , # , 11 D X 100 

tamed according to formula — — , is 104 in the youngest 

hr 

Group N XI, and decreases as the bram weight ad\anccs, drop- 
ping to 97 or less m the last and oldest groups Compared with 
the like group of the Albino, the w ldth length index of the Norw ay 
cerebrum is on the average always higher by 2 or more points 
than that of the albino cerebrum So, it maj be concluded that 
the Norway cerebrum is becoming somewhat elongated ns the 
age ad\ances, but not to so marked a degree as does the albino 
cerebrum and that it is always somewhat more rounded in shape 
os compared with the albino cerebrum of the same weight or 
age Ihc method of measurement hero used re\eals only 
part the degree of difference m the shape of the two brains, for 
direct inspection showb the surface of the Norway cerebrum to 
be distinctly more rounded than tliat of the Albino, es pcci^h a 
the frontal poles 

IITrimunE C11LD 
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differences in the cerebral cortex Consequently, it became 
desirable for me to compare m these two forms, one wold and 
aggressive and the other gentle and domesticated, the course 
of the growth of the cerebral cortex 

Using my previous studies on the Albino (Sugita, '17a) and 
on the form of the Norway brain (Sugita, '18) as a point of de- 
parture, I wall present m this paper the data on the cortical thick- 
ness of the Norway rat and will compare these wuth the data 
for the Albino In this comparison of the brains of the two 
forms, the data, other than those on cortical thickness, are all 
quoted from Donaldson and Hatai ('ll, '15) 

II MATERIAL 

The Norway rats used m this study, w r ere all supplied through 
the courtesy of The Wistar Institute and were trapped alive in 
Philadelphia and its vicinity, between April and November, 
1916 There wnre 36 males and 18 females, representing every 
stage of growth between 17 and 394 grams m body iveight 
In the preparation of the material and the arrangement of the 
data, the same methods as those described m my former study 
on the Albino (Sugita, ’17a) w r ere followed For the discrimi- 
nation of a Norway group from an albino group of the same 
tabular number, the Nonvay records carry the capital letter N 
before their group numbei 

The following tables, tables 1 and 2, give the sex, body and 
tail lengths, and body and bram weights of the Norway rats 
used m this study, grouped according to their bram weights and 
averaged for each group Table 1 contains the material used 
for the sagittal and frontal sections and table 2 that for the 
horizontal sections 

Comparing the body measurements of this series with those 
given m table 85 in “The Rat” (Donaldson, '15), it is found 
that the average values for my material by groups correspond 
fairly well with the table values 

The increase m the bod 3 r measurements of the Norway rat 
according to age is imperfectly known, so that we can not in- 
fer the age from the body measurements with any exactness 
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TAIILF 1 


Shounng the sex body tea ght and length iaxl length and train xccigkt of 0 e Aonray 
rats used tn this study (sagittal and frontal sections ) accompanied by the averages 
for each brain treipJit proup 


NO 

tjTrrn 

*EX 

boot wtioirr 

u at trNQin 

Tin, i.rvoTn 

BR.ll'M WEIC JTT 




pram 

mm 

Him 

cr m 

is vi b 

(1) 

tn 

19 8 

&4 

41 

1 15o 

a 

(1) 

m 

20 8 

SG 

41 

1 ICO 

i 

(2) 

m 

17 8 

85 

05 

1 175 




19 5 

85 

50 

1 IG4 

N \II 







N VIII a 

(3) 

m 

35 3 

no 

00 

1 309 




55 3 

no 

SG 

1 360 

rs \n b 

(4) 

ra 

33 1 

101 

St 

1 407 

R 

(3) 

m 

37 5 

112 

8S 

1 429 

a 

«> 

in 

33 8 

113 

01 

1 131 

i 

(3) 

m 

3G 3 

107 

80 

1 431 

e 

(6) 

m 

43 0 

121 

108 

1 437 

k 

(3) 

f 

30 l 

112 

S7 

1 44a 




SG 7 

m 

DI 

1 450 

\ \V c 


m 

42 0 

122 

102 

l 517 

0 


ra 

60 7 

135 

114 

1 557 



1 

I 

64 7 

ISO 

JOS 

1 557 

\ \\I a 


m 

71 8 

137 i 


1 019 

P 


m 1 

54 S 

130 

107 

1 G32 

o , 


m 

50 3 

128 

10a 

; 1 03 0 




6* 0 

JS2 

10G 

i l €20 

Js XVII 0 


r 1 

81 0 

152 

1^ 

1 

1 710 

R 


m 

67 0 

1 137 

113 

1 721 

a 


f 

' IIS o 

172 

130 

1 738 

c 


f 

101 o 

1GI 

1T> 

1 "S3 




90 1 

toG 

1°5 

t ”59 

n vvm c 


| f 

130 9 

1,7 

147 

1 82.) 

a 1 


m 

12S 1 

1"7 

112 

1 833 

I 



15 * 5 

1G7 

145 

1 S!3 

\ MV b 

! 

m 

ICO 7 

177 

1SS 

1 002 

a 


f 

2.il O 

i 210 * 

1~4 

1 981 




f05 0 

i m 

ICG 

; 072 



16 


NAOKI SUGITA 


On the basis of these rough data, the approximate age of the 
individuals m tables 1 and 2 can be inferred 
To my regret, I did not obtain material under 17 grams m 
body weight I could, therefore, not make a complete study of 
the postnatal growth of the cerebral cortex of the Norway rat 
from birth on and must in consequence be content to present in 
this paper the data beginning with material probably from 10 to 
12 days old It may, however, be noted here, that, among the 
rats trapped, the following were evidently members of the same 
htter and still following the mother 

(1) N XI a, NXIb, NXIc, NXId, with their mother 
N XX a, and three other young which were used for another 
purpose 

(2) N XI l, N XI h, and four others 

(3) N XIII a, N XIII b, N XIV g, N XIV h, N XIV i, 
N XIV j, N XIV k 

(4) N XIV e, N XIV f, and two others 

(5) N XIV a, N XIV b, N XIV c, N XIV d and two others, 
with their mother N XX b 

This suggests that the Norvay rats whose brain weighs less 
than 1 5 grams or whose body weighs less than about 40 grams 
are not yet independent of their mothers 

III TECHNIQUE 

For the technique of fixation and imbedding and the making 
and staimng of the sections, the same procedures which have 
been already described (Sugita, ’17 a) were followed Thirteen 
different localities were measured on sections m three planes cor- 
responding to those used in the former study of the Albino cor- 
tex (cf figs 2, 4 and 6 m the paper cited) 

As to the cortical cell-lamination of the Norway rat, tv o sets 
of figures with explanations were given in the former paper (Su- 
gita, T7 a) reproduced from Lewis (.1881) and Fortuyn (’14) and 
to those I vould hke to call attention on this occasion There 
does not appear to be any important difference between the 
Norway and the albino rats m the cell-lammation of the cerebral 
cortex 
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IV OBSERVED DYTY GnEV I f T\BLD AND CH YR1 

As in the case of the albino rat the measurement of the corti- 
cal thickness of the Vorwnv brain was matle at tl * localities 
I-XIII bj the direct mcasuiement of the Nations as pieparcd 
and was then recoided without correction The results thus ob- 
tained are condensed in table 3 

Table 3 shows for each brain weight group the average 
thickness of the cerebral cortex of the \onsav rat a & directly 
obsened in each of the three sections and the general average 
obtained by averaging the thicknesses of the sagittal, frontal and 
horizontal sections The average brain weight corresponding to 
the av erage thickness of the cortex is obtained bj doubling the 
weight of the brain, from which the sagittal and frontal sections 
were taken, adding the weight of the brain from wh h the hori 
zontal sections were taken, and dividing the sum bv three 

Chart 1 is based on table 3 and shows the increas m the gen 
eral average thickness of the cerebral cortex of the Noiwaj rat, 

TABlU 3 


Showing the general aicragc thickness of the cerebral cortex of the Norway rat ac 
cording to brain iccigkt groups also the aicragc thief ness in the sagittal frontal 
and horizontal sections Obseriations on stide without correction 
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TABLE 4 — Continued 
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values shown m table 3 This table (table 7) serves as a stand- 
ard for discussing the actual thickness of the fresh cortex of the 
Norway rat The average thickness in the adult Norway rat is 
2 06 mm , as obtained by averaging the thicknesses of the cortex 
in Groups N XV-N XXIII, m u hich stages the cortex may be 
considered to have reached its full thickness 

Charts 2 to 7 show graphically the data given m tables 4 to 6 
respectively, and chart 8, which is based on table 7 giving the 
average values, presents a general picture of the growth changes 
m the cortex according to brain weight 

Charts 2, 4 and 6 show the individual determinations for the 
thickness of the cortex m the sagittal, frontal and horizontal sec- 
tions, respectively, plotted according to the brain weight 
Chart 2 gives the individual records for locahty I and locality V 
with the average for all localities from I to V in the sagittal 
sections In a like manner, chart 4 gives the values for localities 
VI T and VIII with the average of localities VI to VIII for the 
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T\BLE 5 

Showing the corrected t alucs of the cortical thief ness in the frontal section for each 
indmi/ual and for each brain weight group The data for the eorrcciion-coeff 
ciente arc indicated separately for each brain and the coefficient if gucn with the 
average for each group 
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TABLE 5— Concluded 


BRAIN ^ EIGHT j 
GROUP 1 

BRAIN 

T\ EIGIIT 

COEFFICIENT 

THICKNESS OF TIIE CORTEX 

(frontal section) 

Dnm H D 
on 

fresh brun 

Dinm 11 D 
on slid© 

Loc M 

Loc VII 

Loc VIII 

Average 


gratns 

mm 

mm 

mm 

mm 

mm 

mm 

N XIX b 

1 962 

14 60 

11 60 

2 OS 

2 28 

1 68 

2 01 

a 

1 9S1 

13 95 
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2 04 
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1 99 
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1 , 
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1 77 
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2 172 

1 i 

36 

2 11 

2 89 

1 73 

2 08 

N XXII 
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frontal sections Chart 6 does the same for localities IX and XIII 
with the average of localities IX to XIII m the horizontal sec- 
tions Charts 3, 5 and 7 show the average values of the cortical 
thickness in the sagittal, frontal and horizontal sections, for each 
brain w eight group Further, on each chart is shown the change 
m thickness at each one of the localities measured m that 
section 

Chart 8 is based on table 7 and shows the general average (cor- 
rected) thickness of the cerebral cortex of the Norway rat accord- 
ing to the brain weight and also the average thickness m each of 
the sections 


VI DISCUSSION 

The relations existing between each of the several localities 
measund in this study of the Norway are quite similar to the 
relations found in the cerebral cortex of the albino rat Individual 
variations appear, but these are no higher than ±6 per cent, 
compaied with the average values of the group No sex differ- 
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T\DIJ“ « 

ShomtiQ the corrected value* of the cortical thief ne*s in If r hon ontal section for 
each xntlnulual aiul for each train tretghl group The data for 0 e correction 
coefficient* are vutxeatcd separately for each brain and the coefficient t* gire > ml’ 
the average for each group 
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TABLE 6 — Concluded 


brain weight 

GROUP 

BRUV 
■ft EIGHT 

COEFFICIENT , 

THICKNESS OF THE CORTEX. 

(hori^ontvl, section) 

Diam 

It B on 
fresh 
bram 

Diam 

IJ B 
on slide 
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. vn 
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N XXIII a 
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3 14 

2 58 

2 17 

1 69 

1 54 

2 22 


2 845 

1 28 

1 

3 14 

2 58 

2 17 

1 69 

1 54 

2 22 


ence m cortical thickness is recognizable when the brain weights 
are similar 

In the sagittal sections, the cortex attains nearly its full thick- 
ness vhen the brain weighs 1 63 grams (Group N XVI), while m 
the frontal and horizontal sections, this is attained somewhat 
earlier, that is, in the brains weighing 1 53 grams (Group N XV) 
(cf charts 3, 5, 7, 8) In the general average thickness of the 
cortex of the Norway rat, the full thickness is attamed m the 
brains weighing about 1 53 grams, at which phase the body weight 
observed is about 55 grams (tables 1 and 2) (chart 8) In the 
full grown Norway rat at bram weights between 1 6 and 2 4 
grams, the average cortical thickness ranges between 1 97 and 
2 14 mm , with a mean value for Groups N XVI-N XXIII (table 
7) of 2 06 mm The average thickness for each locality is given 
m table 8 for the Norway rat, together with the corresponding 
values for the Albino, thus making it possible to compare the 
cortical thickness m the two forms 
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TYBLE 7 


Showing the average corrected IhieJ ness of the cerebral cortex t ti the Xorway rat for 
each brain weight group 
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Within the limits of our material, the course of development 
of the cortical thickness in even locality seems m general, simi- 
lar to that m the corresponding locality of the albino rat, the 
descriptions of wluch were given in the former paper (Sugita, 
’17 a, pp 574-577) 

VII A COMP VR1SON or 1HL IsORW VV R VI W IT1I 3 IIF VI BI\0 R VT 
IN ItCSI ECT Or CORTIC \I TIIICKNESS 

The mam object of the present paper is to compare the data 
from the Xonvaj with those from the albino rat, in respect of 
the cortical thickness, a comparison of much interest, since the 
two forms are so closcl} related gcncticallv and at the same time 
show differences in bodv size and in absolute bram weight which 
lmv e been nlrcadj noted 

Comparing the mature brains, wluch weigh alike, of the both 
forms (table S), the Norwav cortex, whose thickness on the av- 
erage in Groups N XVI to N XX (brain weight average 1 844 
grams) is 2 05 mm surpasses b} 0 1 5 mm or 8 per cent the nlbmo 
cortex whose thickness on the average in Groups XVI to XX 
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TA.BLE S 

A comparison of the cortical thicknesses at each locality and on the average, in the 
adult Norway and the albino brains of the same absolute weight The measure - 
ments used here arc average tallies of Groups N XVI-N XX and Groups XVI-XX 
respectively, taken from tables 4 to 6 of this paper and tables 6 to 8 {Sugita, ’17a) 
The corresponding brain weights are 1 844 grams in the Norway and 1 815 grams 
in the Albino The thickness of the Albino cortex ts always taken as the stand- 
ard for computing the percentage differences 
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Average 

2 04 
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2 03 
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2 05 
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8 0 


two forms is made so as to bring those of approximately the 
same age on the same line of the table It will be seen by these 
comparisons that the Norway rat bram, if paired with the albino 
rat bram of like age, shows almost the same value of the percent- 
age of water, while the bram weight differs by 16 to 20 per cent 
in favor of the Norway rat bram, the weight of the Norway brain 
bemg taken as the standard 

So, from the pomt of new of age, a Norw r ay rat bram should 
be m the same phase of development with an albmo bram, 
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which weighs 16 to 20 per cent less With this relation in view, 
I reduced by 18 per cent — which is the mean value of 16 to 20 
per cent (see table 9) — the weight of the Nomay rat brains m 
table 7, and assumed that I thus obtained brain weights winch 
represent the corresponding brain weights of the albino rajt in 
respect to the cortical development I have plotted the values 
for the actual cortioal thickness on the reduced brain weights by 
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Chart 9 Giving a comparison of the thickness of the Norway cortex with that 

ofj the albino cortex, on brain weight • *N General average thickness of the 

Norway cortex according to the actual brain weight group AL General 

average thickness of the Albino cortex according to the brain u eight group 
Smoothed Taken from chart 9 of the second paper of this senes • — • — • 
N' General av erage thickness of the Norway cortex entered according to the re- 
duced bram weight representing the albino brain weight of the corresponding age 


the dot and dash line m chait 9, m which the smoothed graph for 
the cortical thickness of the albino lat is represented by a dotted 
line Glancing at the chart, my assumption appears to be jus- 
tified as both the graphs for the reduced Norway and the Albino 
are found to run a similar course This relation is acceptable, 
since, as shown m the tables given by Donaldson and Hatai (’ll), 
and also by Miller (’ll), the relative v eight of the bram in the 
mature albino rat is 12 to 16 per cent less than in the Norway rat 
of like body v eight, and, furthermore, the relative weight of the 
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bod} m the Albino is about 20 to 40 per cent less than in tho 
Norwa} rat of like age (table 0) Accordmglv , the albino brain 
should be about IS per cent or more less than the Norwa} brain 
of like age, and the data for the thickness of the cortex m the 
two fonns show a fairl} constant relation, when plotted as in 
chart 0 m accordance with this assumption (sec also table 3, 
Sugita, T7 a) 

As stated, Norway rats under about 10 da>s of age have not 
been studied, but a comparison of the graph for the thickness of 
the cortex in the normal albino rat with the graphforthcNorwa} 
cortex displaced for age makes it. reasonable to assume that a 
Norwa} brain which weighs 1 1G grams (Group N NI) corre- 
sponds to an albino brain which weighs about 0 95 grams (Group 
IN), at winch stage the cerebral cortices of the both forms Imc 
neail} completed their aclnc growth in thickness and arc going 
over to the second phase, during winch the cortical area keeps 
pace with the increase m brain volume It ma> bo assumed 
also (see later) that, in the Norwa} rat, with a bram weight of 
about 14 grams the cortical inclination is beginning to take 
place 

Thus in the postnatal life of the Norwa} rat, the first phase of 
tho development of the cerebral cortex covers tho period during 
winch the brain weight increases to 1 10 grams from birth when 
the brain weight is about 0 25 grams, and the second phase of 
the cortical development covers the period, during which the 
bram weight increases from 1 lb grams to about 1 41 (Group 
N XIV) when the cortex attains within 4 per cent the full thick- 
ness J3\ tho middle of the second phase the process of mvclina 
tiou is active, and before the end of tins phase the cortex has 
alread} attained ncarh its full thickness 

Hus assumption that the completion of the cortical develop 
merit m thickness coincides with the period of aetivc inclination, 
is supported bj another set of facts fable 10 gives the ab^o 
l\ite weights of thedrv substance m the brain of the Norwa} rat 
arranged acrording to bran weight These values were calcu- 
lated b} me from tables originallv given bj Donaldson and 
Ilatm (11) The data are plotted in chart 10 which aho gives 
the corresponding data for the albino rat in a dotted curve 
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TABLE 10 


Giving the weight of the dry substances in the brain of the Norway rat according to 
brain weight Based on the observed data given by Donaldson and Hatai (’ll), 
inp 448 , Jour Comp A T eur , vol 21 Both sexes averaged *M ales only 


TOTAL BRAIN WEIGHT 

weight of the 

DRl SUBSTANCES IK 
THE BRAIN 

TOTM, BRUN WEIGHT 

VeICHT OF TI1E 
x>m substances in 

THE BRAIN 

grams 

grams 

grams 

grams 

0 25 

0 041 

1 55 

0 309 

0 35 


1 05 

0 339 

0 45 


1 75 

0 377 

0 55 


1 85 

0 400 

0 65 

0 067 * 

1 95 

0 407 

0 75 

0 100 

2 05 

0 445 

0 $5 

0 100 

2 15 

0 460 

0 95 


2 25 

! 0 498 

1 05 


2 35 

0 500 

1 15 1 

0 155 

2 45 

0 540 

1 25 

0 210 

2 55 

0 534 

1 35 

0 229 

2 65 

0 575 

1 45 

0 291 

2 75 

0 600 * 



Chart 10 Giving the absolute weights of the dr> substance m the Norway 
brain, arranged according to brain weight, based on the observations of Donald- 
son and Hatai ('ll), accompanied by the corresponding data for the albino rat, 
in a dotted line x and * show the turning points of the curves 
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This chart shows clear!} that the solids m the Korun} brun 
increase rapidl} after the brim weight has reached something 
more tlmn 1 2 grams (see X) This turmng point of the graph 
corresponds to 0 95 grams of brain weight in the Albino (*ce *) 
It was found in the albino rat that, when the brain weight hns 
surpassed 1 15 grams, nnmch 0 95 plus 0 20 grams, nn clination 
of the cortical fibers is ncti\e Hence, in the Norun} brain, the 
m} clination in the cortex should be actnc when the bram weight 
has reached 1 44 grams, nnmeh somewhat more than 1 2 plus 
0 2 grams Furthermore, as we hn\c seen that in the albino rat 
the beginning of m}elmation m the cortex coincides with the 
phase when the cortex has nearl} attained its full thickness, so 
we see the same relations in the Norwaj rat also 

From these facts we conclude that the brains of the both forms 
pass through the same course of cortical de\ elopment according to 
age, as the span of life is the same m the two The weights of 
the brains which are m the same stage of development, are how 
ever not the same in the both forms, being m the Norwa} rat 
about 18 per cent — the Norwn} bram weight being t iken ns 
the standard — hcaucr than m the albino rat The statement of 
Donaldson which was expressed m the paper cited to wit If 
in the animals compared the brain weights are the same then 
the Norwa} rgt has a smaller body weight and a higher percent- 
age of water in the central nor\ous s} stem ' might be rewritten 
as follows Wien ages are the same, the Norwa} rat hns a gieater 
bod} weight, n heawer brun (18 per cent more in weight) a 
thicker cortex and nearl} the same percentage of water in the 
central nervous S}stcm 

V comparison of the cortical development in the two forms 
can be made adequatel} onl} b} first reducing l)} IS per cent 
the actual brun weight of the Norwa} rat and then comparing 
the cortex in both forms according to the corrected brain weight 
bince mature Norwa} brims hn\e onl} a shghtl} greater v olumc 
than the Vlbmo brains of like weight (see table 4 V, Sugitn IS) 
but at the same time lm\ e a cerebral cortex on the nv erngc S per 
cent thicker, it follows that in the Korun} brun the proportion 
of gra\ substance is greater This difference apparentl} accounts 
for the higher percentage of water found in the Norwa} bram 
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VIII SUMMARY 

1 The thickness of the cerebral cortex of the Norway rat has 
been systematically investigated, emplojung as material 36 males 
and 18 females, all over 17 grams m body w eight, and using uni- 
formly the methods which w ere adopted by me for the investi- 
gation of the cerebral cortex of the albino rat 

2 The observed data are first given and later aie coirected to 
the values for the fresh condition of the material The corrected 
data are given fully in tables and in charts 

3 The relations of the cortical thicknesses at the several lo- 
calities measured are quite similar among themselves to those 
found m the albino rat The average thickness of the cortex m 
the adult Norway rat is always higher (1 to 28 per cent) than 
that of the corresponding locality m the adult albino rat The 
occipital cortex is better developed (thicker) m the Norway rat 
This is to be associated with the more perfect visual apparatus 
m the Norway rat 

4 As to the phases of development of the cortical thickness, a 
Norway brain of a given age corresponds to an albino brain, 
which weighs about 16 to 20 per cent less The Norway bra m 
weighing 0 25 to 1 16 grams (Groups N II to N XI) is m its 
first phase of active development which corresponds to an Al- 
bino bram weighing 0 25 to 0 95 grams The Nomay bram 
weig hing 1 16 to 1 44 grams (Groups N XI to N XIV) is in its 
second phase of development of the cortex corresponding to the 
albino bram weighing 0 95 to 1 15 grams 

5 The cortex of the Norw r ay rat attains nearly its full thick- 
ness at the time w r hen the bram weighs somew'hat more than 1 44 
grams, corresponding to the age of twenty days and to a body 
weight of something more than 36 grams At this phase probably 
the rapid myehnation of the fibers in the cerebral cortex is taking 
place 

6 The general average thickness of the cortex m the mature 
N orway rat is 2 06 mm , exceedmg by about 8 per cent that of 
the albmo rat bram of the same w r eight 
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7 Owing to the greater thickness of the cerebral cortex the 
mature Norwaj bram contains more graj matter than does the 
albino bram of like weight and this excess of graj matter ex- 
plains the somewhat higher percentage of water found m the 
Norwaj bram 


LITERATURE CITED 

Dovildson II II and IIatu S 1011 A comparison of the "Vorwaj rat with 
the albino rat in respect to bodj length brain weight spinal cord 
weight and the percentage of water in both tho bmm and spinal cord 
Jour Comp Ncur vol 21 jip -117-4oS 

Donaldson II H 101 1 The Rat Memoirs of The Wistar Institute of Anat- 
om) and Biolog) Xo 6 

FnitRicn David 1SS0 The functions of the brain 2nd cd Smith rider A 
Co London pp 26l-2G > 

Foiitian A B D 1914 Cortical cell lamination of the hemispheres of some 
rodents Arch Neurol Path Lab London County \syl no! f 
pp 221-Til Mus decumanus (Pall) p 2G0 

Lewis Ben \n 18S1 On the companiti\c structure of the bram in rodents 
I hil Trans 1S82 pp G99-740 

Miller Inewton 1011 Reproduction m the brown rnt (Mus norvegicus) 
Am Ynturalist noI 4o pp G2>-G3o 

Sootta Xaoki 1917 a Coraporatnc sti dies on the growth of the cerebral cor 
tex II On the increases in the thickness of the cerebral cortex dur 
ing the grow th of the bram Ubino rat Jour Comp Neur no! 23 
pp 49o ulO 

Sdoitn X voki 1913 Comparatn e studies on the growth or the cerebral cortoi 
III On the £120 and shape of the cerebrum in the Vorwn> rat (Mus 
noncgictis) and a comparison of these with the corresponding charac 
ters in the albino rat Jour Comp Xcur no! 29 




authors Att tract or rnr» tapir 1 d »r 
tup aniLioCRApiuc unmet pckrcabt id 


METABOLIC VCTIVITY OT THE NERVOUS SYSTEM 

II THE PARTITION OP NON- 1 ROTEIN NITROGEN IN THE 11 RAIN Or 
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OVB CIIAHT 

The prime object of the present investigation was to extent] 
some observations made recently concerning the met ibohc nc 
tivitj of the central nervous sj stem of the albino rat (Hatai, 
T 7 ) to the nervous system of lower vertebrates It was m\ 
hope that such a comparative stud} might }icld valuable data 
for an understanding of the complex phenomena of met iholism 
in this important organ 

In the course of the present investigation I was able to ac- 
cumulate a considerable amount of data on the weight of the 
brain together with its water content, a stud} which has re 
vealed several interesting facts which have not been }et fullv 
appreciated, so that I have decided to present these data also 

III the following page 5 ’ I11 connection with this work, it is a 
pleasure to acknowledge mj indebtedness to Dr A G Mover, 
Director of the Department of Marine Biologj of the Carnegie* 
Institution of Washington Dr Major not onl> granted mo 
the privileges of the laboratorv at the Drj Tortugas, but gav e 
me encouragement and man> lidpful suggestions throughout 
the cour e of this work 
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contrasted with the observed values The agreement is highly 
satisfactory, and thus the formula may be employed when the 
probable brain v eight of the giay snappei in which body length 
is known, is desired I may point out that the absolute amount 
of increment of the weight of the brain following eveiy milli- 
meter increase of the body length is slightfy over four milligrams 
(4 33 milligrams) 

PERCENTAGE OF WATER IN THE BRAIN 

t 

Altogether 64 snappers were examined to determine the water 
content m the brain, and the results have been already given 
n table 1 An exannnation of the table leveals several strik- 
ing relations in regard to the percentage of water The per- 
centage of water given by the smallest fish is 78 85 per cent while 
that of the larger fish, having a body length of 424 mm and 
ranking m length third from the largest in u Inch the water de- 
termination vas made, gives 78 54 pei cent The frequency 
distribution of the percentage of water gives the following 
results 

TABLE 3 


Showing the frequency distribution of the 'percentage of water in the brain of the 

gray snapper 


PER CENT OF WATER 

NUMBER OF CAWE3 

75-76 

2 

76-77 

5 

77-78 

; 15 

7S-79 

17 

79-80 

16 

80-31 

6 

81-82 

2 

S2-S3 

1 

Total number 

64 


Despite the fact of a wide range in the percentage o water, 
the distribution of the frequencies is practically normal, and fur- 
thermore the high and low values are well mingled, when these 
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values arc arranged according to the bod\ length of the snapper 
(table 1) and there is no noticeable tendenev for the lower values 
of the percentage of water to occur more frequentlv among larger 
fish, or vice ver^fi. From this we infer that so far as the present 
d it a are concerned, the percentage of water in the small nnd 
large fish is nearlj identical within a wade range of bod} length, 
nnd therefore the percentage of water docs not vnr> regularly 
with the length or size of the fish The average of G4 deter 
initiations gives the percentage of water as 78 61 per cent 

This wide mnation in the percentage of water I am unable 
to explain at the present moment ft was thought at first that 
the method of capture, particular!} the use of dyn unite might 
be responsible for it Careful examination however (sec re- 
marks in tabic 1) of the table shows at once that such is not 
the case, nnd these wide \anations are not correlated with the 
method of capture It is true that the cranial cavit} of the fish 
contains liquid ns well as a jellx like substance, and the adhesion 
of particles of tins substance inav alter to some extent the per- 
centage of water, but this factor is too insignificant to cnu«e the 
wide variations shown in the table 

One other factor, though it appear to be important, c innot 
be rcadih tested, munch, masked age that is a failure of the 
size and w eight of the fish to indicate the age \\ e hnv c no w nj 
to determine the age of the gra> snapper It mav be th it the 
size of the fish shows a wide range of v anation for an} given age 
If size was positive!} correlated with age, then the low percentage 
of w ntcr w ould be gi\ m b} the older fish, and \ ice \ trsfi 1 bere- 
fore should we be able to arrange t lie data according to the ages 
of the fish, not the size of the fish as has been done the values 
for the water should arrange themselves in a regular descending 
order with increasing age This is, however, a mere speculation 
and must wait the test of future investigation 

Still another possible factor is the low grade of organization 
of the fish brain compared with that of the higher vertebrates 
It is conceivable that owing to this low grade of organization, 
the structural maturity, or cspecinllv the proccssof inclination, 
mn> not progress regularlv, and that within the same size or at 

tat j i rhal or rowr rati r xxcnouw r ot, V) o 1 
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MATERIAL USED 

The gray snapper, Neomaems griseus, was chosen for this 
investigation not only because these fish are abundant m sub- 
tropical seas, but also because they possess numerous virtues 
for experimental purposes The snappei may be kept m the 
laboratory for a long period, and in captivity as veil as when 
free, takes almost any kind of food, cooked or raw, animal or 
vegetable The fish is veil known for sagacity and boldness 
and is suited for various kinds of experimentation Indeed the 
snapper has already been carefully studied by Reighard ( J 08) 
as to its behavior Thus, v ith the hope that the gray snapper 
may in future prove to be a suitable form for certain hues of ex- 
perimental work, I have utilized all the brains which have been 
used for chemical investigation, together with some others, for 
stud} ing the grov tb of the brain in weight with respect to body 
length Most of the fish vere secured by netting them, but on 
account of the difficulty of getting the larger fish by this method, 
I ha\ e also used dynamite as well as the hook and fine I 
have noted in table 1 the method adopted for catching each 
individual 


TECHINQUE EMPLOYED 

The fish vere examined as soon as they were brought into 
the laboratory However, as in the case of netting them, when 
too many v ere caught at once some were kept m a live box for 
not more than tvo days, except m a few cases in which they 
v ere kept for special purposes for several days When the fish 
vere kept in a live box for more than two days it is so stated 
in table 1 

In ever} instance the length of body was recorded m the fol- 
lowing vay The fish was laid on its side and the length was 
determined by means of calipers from the tip of the snout to the 
nnddle of the caudal edge of Hie tail The body weights of the 
fish vere also taken in a fev instances Although I realized 
the desirability of recording the body weight m all cases, yet it 
vas not alvays possible to make this measurement 
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TU3LE 1 


Showing the brain weights according to various body lengths together t nth the per 
ccnlagc of water in the brain of the gray snapper Arranged according to m 
creasing body length 


body j 

I DRAIN WEI CUT 

! 

irATrn in 
diuin 

xtuauks 

I^ngll 


mm 


| fff «) 

; per f t 


88 

12 

0 122 

78 8a 

Net 

137 

43 

j 0 23-1 

I 78 03 

Net 

15o 

a9 

0 2S1 

79 33 ! 

Net 

215 


0 G22 

| 79 52 

Net 

210 

140 

0 G2$ 

| SI 12 

Djnanuted 

217 


| 0 4S3 

7 S 31 

Net 

22a 


0 070 

70 Oa 

Net 

227 

173 

0 G27 

1 80 43 

D} narrated 

237 


0 u?5 

78 19 

Net 

23$ 

197 

0 GCO 

j 79 01 

Hook 

210 


0 711 

79 92 

Net 

24, 

1 220 

0 732 

81 48 

Dynamited 

210 

218 

O 723 

SO CO 

Dynamited 

2a2 


0 74S 

79 ua 

Net 

2u2 


0 702 

78 01 

Net 

2a3 

220 

0 897 

SO G5 

Dynamited 

2aG 


0 74S 

77 61 ' 

Net 

2oS 


0 S2S 

70 47 

Net 

2 jO 

1 

0 S44 

7$ 32 ! 

Net 

2C2 


0 S33 

7$ 75 

Net 

2G2 


0 SS2 

77 So | 

Net 

203 


0 8G4 

77 20 9 

Net 

203 

2C9 

0 803 

80 OS 1 

Hook 

203 

201 

0 810 

70 GS 

Hook 

20S 


0 8o9 

70 71 

Net 

200 


O ~81 

77 40 

Net 

271 


O 021 

78 78 a 

Net 

277 


0 810 

| 78 57 

Net 

278 


0 813 

78 32 

Net 

2“S 

311 

0 871 

S2 91 

Hoed 

285 


0 0S5 

79 17 9 1 

Net 

203 


1 000 

77 23 a i 

Net 

201 


0 SOI 

73 80 o 1 

Net 

20a 


0 02a 

77 50 o 

Dynamited 

200 


0 000 

78 0** 

Net 

20S 


0 9S2 

78 49 o 

Kept in li\c box 4 da} a 

300 


0 007 

'OSl a 

D> namJtcd 

300 


o on 

78 17 9 

1 Net 

301 


0 9a2 

77 10 o 

Not 
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TABLE 1— Continued 


Body 

DIUJN vrciain 

, R ATER IN 

BRA IV 

REMARKS 

Length 

Weight 

TTiro 


pram* 

per cent 


302 


1 042 

77 87 9 

Net 

302 


1 042 

77 06 & 

Net 

303 


0 776 

75 40 9 

Dynamited 

306 


1 070 

79 17 9 

Kept in live box 

317 


0 974 

78 03 o’ 

Net 

31S 


1 072 

79 57 9 

Net 

330 


1 124 

76 51 o’ 1 

Net 

333 

6S1 

1 164 

SO 07 9 

Kept several days m box 

336 


1 124 

77 67 9 

Kept several daj's m box 

340 

90S 

1 126 

76 16 9 

Net 

345 


1 061 

79 15 9 

Net 

343 

l 1 lbs 

1 141 

77 46 9 

Net 

353 

2 lbs 

1 117 

7G 63 9 

Net 

353 

2 lbs 

1 169 

77 SI 9 

Net 

360 


1 178 

77 88 <? 

Net 

362 


1 257 

78 65 

Net 

367 

7S1 

1 262 

76 67 d 1 

Hook 

360 

1 

1 286 

77 08 9 

Net 

374 

2 lbs | 

1 249 

76 24 

Net 

3S0 

3 lbs j 

1 281 

75 33 cf» 

Net 

3S5 ! 


1 413 

& 

Net 

390 


1 336 

77 59 d 1 

Net 

392 


1 353 

79 67 d 1 

Net 

392 


1 644 

9 

Dynamited 

401 


1 584 

9 

Dynamited 

40S 


1 618 

9 

Dynamited 

416 


1 632 

(? 

Dynamited 

424 


1 369 

78 54 9 

Dynamited 

430 


1 400 

9 

D j namited 

432 


1 424 

79 97 d 75 

Dynamited 

43$ 


1 530 

& 

Dynamited 

439 


1 400 

9 

Dynamited 

439 


1 499 

89 00 9 

Dynamited 

441 


1 601 

9 

Dynamited 

44S 


1 591 

9 

Dynamited 


As soon as the bram -was exposed by means of a small bone 
forceps, it Vvas separated from the spmal cord between the first 
\ ertebra and the base of the skull It -was not practicable to 
find the first spmal nerve or to determine the caudal end of the 
fourth ventricle, methods which are usually adopted m separat- 
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ir»K the brim from the spinal cord in the mammalian nervous 
sv stem Vutenorly the olfactory nerves were cut close to the 
olfactory bulbs The snccus vasculosus was not included with 
the brain The brain which was thus remo\td was placed in 
a •-mall bottle which had been previously weighed, and this was 
weighed again to a milligram Vftcr the fresh weight of the 
brain was determined, the bottle wath its contents was placed 
m a steam oven at a temperature of S0°*- ( H)°C for «*c\ oral days 
(lortugns laboratory) and then later dried at the Wistar In- 
stitute under better laboratory conditions at %°C The v arious 
other methods used for the analysis of the brain will be de- 
scribed later 

THF BRAIN WEIGHT IN RELATION TO BOD \ LENCTII 

Altogether observations on 74 brains of the gray snapper have 
been made 

From table 1 tlic average brain weight of the sanpper for 
several values of t he body length has been calculated md the 
results arc given in table 2 

In order to show tnc general distribution of the brain weights 
m relation to the body length, I have prepared i chart based 
on t lie data given m tables 1 and 2 

In the chart males and females arc not distinguished \swi\l 
be seen from chart 1 the distribution of brain weight m respect 

T\nin 2 

Shovrtug the aicragc Irainircight of the gray snapper for tic several v alucsof theiody 
length 


BODY LEVOTtt 
kanoe 

BODY L oni 1 
on LnrrD 

»» iv 

wei nr 

. . .. | 

Ycvorh or 

IV IT H 

ObMcrrod 

Cal ulatat bj 
fo mul 

°00-2.>0 

231 

0 043 

0 COT 

10 

2.XI-300 

271 

0 SCO 

0 840 

23 

300-3o0 1 

310 

1 037 

, 1 ois 

; u 

3.»0— 100 

T3 

1 200 

1 2S2 

12 

400-4o0 

428 

1 513 

| 1 5^ 

11 

A\crage 

1 0*0 

j 1 0,1 
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to the increasing body length from 150 mm upward is practi- 
cally linear This linear relation between these two characters 
is better shown by the positions of the averaged values, which 
are also plotted It is in ell known that in the adult stage the 
relation between brain w eight and body length or body weight 
is practically linear, even m the case of some mammals (see for 
instance growth of bram m w eight m the albino rat in respect 
to bodj length or body weight, Donaldson, ’09) but it is re- 
markable to find the linear relation m fish when they are so 
small This linearity during the period of early growth prob- 
ably means that m the gray snapper the bram reaches its struc- 
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Chart 1 Showing the weight of the brain of the gray snapper according to 
bodj length The observed weights are represented by 74 fish • = observed 
v, eight — o — o — ~ average observed weight (table 2) 


tural maturity early, and that the subsequent increase m weight 
indicates merely a uniform swelhng of the nervous system as 
a w hole The matunt} of the brain at a relatively early stage 
of grow th may be inferred also from practical constancy of the 
percentage of w ater m the bram from the very small to the very 
large fish in this series (page 48) 

It is to be regretted that it was not possible to obtain data on 
smaller specimens, though every effort w r as made to obtain such 
specimens while I was at the Tortugas Laboratory We were 
e\ en unable to find any of the gray snapper fry, though the fry 
of the school master (Neomaems apodus) wdnch is most closely 
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related to the gra\ snapper, was abundant c\cr\ where Pos- 
sibh the months of Juno and Tul} Merc not a proper season to 
find them, or the fr} of the gra} snapper ina> not h\c in the 
open seas or along the beach, but max be in hiding under the 
intricate roots of mangro\cs, a tree not found on the Tortugas 
Islands 

On account of the scantiness of the data on the gra\ snapper 
less than .200 mm in bod} length, I am unable to present a com- 
plete record of the growth of the brain Howe\cr it appears 
from the general trend of the grow th cun, c that, w ith the possible 
exception of the \er\ earl} period, the relation between the 
bram weight and bod} length does not deviate much from 
lincantj 

Kcllicott (’OS) Mho studied the growth of the bram in the 
smooth dogfish (Mustclus c uus, Mitclnll) in respect to the bod} 
weight, found the graph to resemble that for the minimal! in 
brnm, that is the graph shows a rapid rise at the cirl} period 
which is followed b} a slower rate of growth The form of t he 
cur\c suggests a logarithmic formula such as was used to repre- 
sent the growth of the bram m the albino rat (Hatai 09) In 
other words the form of the graph for the gri\ snapper is strik 
ingl} different from that for the dogfish This difference ma\ be 
due to the fact that m the dogfish the brain possesses a \olumi nous 
cerebellum ns well as olfnctor} bulbs, and the combined weights 
of these two structures maj lie greater than that of the rest of 
the brain while the^c two structure's in the gri} snapper arc 
\cr} small and the latter was not included It appears tint 
these two parts olfncton bulbs and cerebellum, of the dogfish 
bram grow -\cr} rapidh during the cirlicr period thus gmng 
tlie form of the graph similar to that for the mammal 

since the brain weight of the gra\ snapper shows a Umar 
relation to the both length through a wide range and since 1 he 
fish which art usualh caught fall within tins range I ha\e dc- 
M«cd the following formula for brain weight on bod\ length 
m hopes that it mi} pro\e useful for ‘•ome future imcstigilion 

Bram weight (gms ) « 0 00133 Bod} length (nun ) - 0 HI 

3 he result" of the calculation are p\en m table 2 and there 
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contrasted with the observed values The agreement is highly 
satisfactory and thus the formula may be employed when the 
probable brain w eight of the gray snapper in which body length 
is know n, is desired I may point out that the absolute amount 
of increment of the weight of the bram following every milli- 
meter increase of the bod\ length is slightly over four milligrams 
(4 33 milhgiams) 

PERCENTAGE OF WATER IN THE BRAIN 

Altogether G4 snappeis were examined to determine the water 
content in the bram, and the results have been already given 
n table 1 -An examination of the table reveals several strik- 
ing relations in regaid to the percentage of water The per- 
centage of water gn en by the smallest fish is 78 85 percent wdule 
that of the larger fish, having a body length of 424 mm and 
ranking m length third from the largest m which the water de- 
termination was made, gives 78 54 per cent The frequency 
distribution of the percentage of water gives the following 
results 

TXBLE 3 


Showing the frequency distribution of the 'percentage of water in the brain of the 

gray snapper 


TEn CENT OF WATER 

MJMDEU OF CA^ES 

75-76 

2 

76-77 

5 

77-78 

15 

78-79 

17 

79-80 

16 

80-81 

C 

SI— 82 

2 

82-83 

1 

Total number 

64 


Despite the fact of a wade range m the percentage o water, 
the distribution of the frequencies is practically normal, and fur- 
thermore the high and low r values are well mingled, when these 



MFTAHOLIC ACTlV ITV OF NEUVOC* SVBTEM 


49 


values are arranged according to the bod\ length of the snapper 
(table 1) and there is no noticeable tendency for the lower values 
of the percentage of water to occur more frequentlv among larger 
fish, or v ice v er^ft Fiom this w c infer that so far as the present 
data me concerned, the percentage of water in the small and 
large fish is ncnrlj identical within a wide range of bod} length, 
and therefore the. percentage of water docs not var> regular!} 
with the length or size of the fish 1 he average of 04 deter- 
minations gives the percentage of water as 78 bl per cent 
This wide variation m the percentage of water I am unable 
to explain at the present moment It was thought at first that 
the method of capture, particular!} the use of d}n imite, might 
be responsible for it Careful examination however (sec re- 
marks in table 1) of the tabic shows at once that such is not 
the case, and those wide variations arc not correlated with the 
method of capture It is true that the cranial cavit} of the fish 
contains liquid as well ns a jell} like substance, and the adhesion 
of particles of tlus substance nmv alter to some extent the per- 
centage of water, but tlus factor is too insignificant to cause the 
wide variations shown in the table 
One other factor though it appears to be important, cannot 
be rcadilv tested, namcl}, masked age, that is a failure of the 
size and weight of the fish to indicate the age YVc have no wa> 
to determine the age of the grn} snapper It ran) be that the 
size of the fish show saw ide range of v nnntion for an} giv on age 
If size was positivclv correlated with ago, then the low percentage 
of w ato-T w ould be giv cn b} the older fish and vice v ersA There- 
fore should w e be able to arrange the data according to the ages 
of the fish, not the size of the fish as has been done the \ allies 
for the water should arrange thcm«cl\cs in a regular descending 
order with increasing ago I lus is however, a mere speculation 
and must wait the test of future investigation 

Still another possible factor is the low grade of organization 
of the fish brain compared with tliat of the higher vertebrates 
It is conceivable that owing to tlus low grade of organization, 
the structural imitunt}, or especiall} the processof ni}elination, 
mi) not progress regul irh, and that withm the same size or at 
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the same age, a vide lange of \ariation might e\ist m respect 
to the degree of myelination, according to the environment of 
the fish or to the general nutritional conditions Whether or 
not this suggestion has a value, only fuither investigation can 
determine 

Scott (’12) found that the percentage of ft ater m the bram of 
the smooth dogfish diffeis very little between small and large 
specimens, and gives on the average 78 5 per cent Donaldson 
(’05) ^ ho examined the brains of the summer flounder (Para- 
lichtbys dentatus) noted also but slight vanation m the percent- 
age of w ater m the brains of large and small mdi\ iduals The 
average fiom sixteen flounders m which the body weight ranges 
from 539 grams to 1290 giams, is 78 45 per cent Thus the 
average percentages of water obtained by Donaldson, Scott and 
by myself are 78 45 per cent (flounder), 78 5 per cent (dogfish) 
and 78 61 pel cent (gray snapper) respectively For the pin pose 
of comparison I gave the percentages of watei m the bram of 
several fish, as determined by various investigators 

As v ill be seen from table 4 despite the widely different sizes 
and probably vide differences m the age of fish, the percentages 
of v ater m the brams are very close to one another, and further 
interest lies in the fact that the values given by the fish brams 
aie not much different from the percentage of water m the adult 
mammalian bram 

Smce the reduction in the water in the bram is induced by the 
deposition of the so called ‘myelin substance’ (Donaldson, ’16) 
ve may mfei that the process of myelination m the fish bram 
attains its matuie form at a very early period 1 thus permitting 
but \ ery slight \ ariation from small to large individuals Scott 
(T2) also concludes from Ins observations on the water content 

1 In a pm ate communication Dr G ft Bartclmez informs me that m Amciu- 
rus melas, Hr\ac 10 to 12 mm long show already w ell advanced myelination of 
the roots of all the cranial nerv es, as w ell as of the fasciculus longitudmahs mediahs 
The age of the larvae, according to Dr Bartelmcz’s estimate, is about ten to 
twchc dnjs after fertilization The largest adults measure as much as 120 mm 
or nearly ten times the length of the larvae in which the myelination is already 
well ad\nnccd Trom the above we maj safelj assume that myelination takes 
place in the fish at an earlj stage of development 
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of the dogfish that the differences in the reduction of water m the 
two ca c cs. is that “tlio nertous (and bod\) changes which occur 
in the mnmimd are post-embrj onic and e\tra utcro In the 

T\DLE 4 


Showing the percentage of i rater tn thebratn sof scieral fish Data com pi It i from 
tanous sources 
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Schlossberger 








(I 80 G 1 

037100119 auratus 




; 77 SOj 



Bczold (18o”) 

Summer flounder 

519 

393 

0 2o3 

! 78 Oa 



Donaldson ( 1 C K> 

Summer flounder 

540 

397 

0 30o 

79 Ocl 


0 

Donald on (IOOj) 

Summer flounder 

510 

380 

1 0 3ol 

~8 00' 


a 

Don rid m (190c>) 

Summer flounder 

500 

411 

0 11S| 

78 70 



Donald jn flOOj) 

Summer flounder 

030 

409 

0 270 

| "8 00 


0 

Donaldson (190j) 

Summer flounder 

040 

404 

0 293| 

78 43 


9 

Donaldson f 190.5) 

Summer flounder 

G9* 

405 

! 0 2S8 

1 79 50 



Donald on (I00o) 

Summer flounder 

S3t 

! 440 

0 311 

! 78 CO 


9 

Donaldson (190o) 

Summer flounder 

S 10 

40° 

0 3oS 

78 08 

i 

9 i 

1 Donald on (100j) 

Summer flounder 

SCO 

1 453 

0 400 

78 17 

1 

9 1 

j Donaldson (190 >) 

Summer flounder 

sso 

fo9 

0 381 

1 77 11 


a 

I Donaldson (100 j) 

Summer flounder 

890 

4o0 

0 1 r 

77 98 


9 

* Donaldson (100 >) 

Summer flounder 

1 1010 

400 

1 0 3 .*) 

! 78 22 


9 

' Donald on (I90j) 

Summer flonndcr 

1010 

447 

0 309 

78 72 


0 

Donaldson (190 ») 

Summer flounder 

1080 

47$ 

0 412 

79 06 


9 

| Donaldson (190a) 

Summer flounder 

1290 

50u | 

0 191 

”8 27 


9 

Donaldson (1005) 

\v crape 




78 4o 




Mustolus cams* 




78 5 



Scott (1012) 

Barracuda 

12 lbs 

I0J< 

1 So- 1 

“9 39 

s 

0 

1 Ilntni (1917) 

Neomaenifi griseus* 

1 



78 01 



Ilatal (tOD 

Chcrna mnenenna 
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Bed Grouper 

14J lbs j 

80“ 

1 230 

78 SO 



Hatai (1917) 

Shark Sp* 

100 lbs 


3’> ot>3 

80 07 


0 

Hat u (1917) 


1 Vvcrapo of 07 determinations from verj small to \erj large 
Percentage of nrttcr hons \cr 3 slight \iriation 

* A\erago of 51 gra% snapjwrs Ttange of \nnation is shown m table Hi 
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dogfish the} take place irr utero ” He, however, has not de- 
termined the water content in the brain of the dogfish in utero 
From the foregoing it is clearl} important to determine the 
water content in the brain of the fish at very early stages m 
order to chsco\er the period of rapid reduction which must take 
place m consequence of the appearance of myelin in the brain 
It is the hope of the wntei to do this in the near future 

CHEMICAL WALL SIS OF THE BRAIN (GRAY SNAPPER) 

Utilizing the materials which were employed for the deter- 
mination of the peicentage of water, I ha\e determined the 
nitrogen in the total solids, as w ell as the amount in the ether- 
alcohol soluble fraction extracted from the total solids The 
results of these determinations aie shown in table 5 

TABLE 5 


Showing the amount of the cthcr-alcohol soluble and insoluble fractions in the brain 
of the gray snapper also the amount of nitrogen in the total solids , as well as the 
nitrogen in the ether alcohol fraction 
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To carrj' out the determinations presented in table 5, I have 
dmded the entire materials into two groups in wdiich group 1 
gn es for the brain a percentage of w ater w r hich ranges betw een 
78 pei cent and SO per cent, while m group 2 the peicentage of 
w ater ranges betw een 76 per cent and 77 per cent All the other 
brains which ga\e percentages of water beyond these limits w r ere 
excluded Since all these data for the fish may be discussed 
comemently b} comparing them with similar data obtained 
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from the rat bram, I may state simpb that the value* for the 
alcohol ether soluble fraction obta ned in this sene* of fish are 
similar to those obtained by Von Bibra (’54) and by Schloss- 
border (’50) in other form* of hsh (table 3) 

CONTENT OF NON PROTEIN MTROCEN IN THE BRVIN 

Altogether 44 snappers of medium size were used for the 
purpose of determining the various cvtractivc nitrogenous sub 
stances m the brain 7 he*e hrams « ere ch\ ided mto three sam- 
ples each giv ing nearly the same amount of inoi*t bram weight 
One additional sample was obtained from the brains of the school- 
mastei (\ T comaenis apodus) winch i* a species most closely related 
to the graj snapper 

7 he fresh brains of each sample were ground finely and then 
preserved in HO cc of 2 5 per cent solution of trichloracetic 
acid m water The ground brains were transferred to a bottle 
bj means of 50 cc water, thus making altogether 20f) cc of 
solution The filtrates from tins mixture were brought back, 
to the Wistar Institute for analvbis Tin methods used for the 
determination of various nitrogen fractions were as follows 

1 lotal non protein mtrogen Micro method of Fohn and 
Farmer as modified bj Benedict and Bock 

2 Amino acid nitrogen Van Sl> kc s nitrous acid method 
Also the same author’s micro apparatus 

3 Urea nitrogen Urease method 

4 Vmmonift nitrogen Bj the usual aerat on method 

In all cases except the case of the ammo acid tin nitrogen 
content was determined b> means of the DuBoscq colorimeter 
The results obtained from these determinations are given m 
table G 

Sinci it is m> intention to discuss this subject later in com 
pnnson with the similar data recently obtained from the bram 
of the albino rit I shall morel} direct attention to the fact that 
these three samples give results ver y close to each other Fur- 
thermore tin result* obtained from the sample of the school 
master aKo agree w ith those found in the case of thcgra> snapper 
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TABTE 6 

Showing nitrogen content in terms of the non-prolcuis , the ammo acids t the urea 
and the ammonia, in the brains of the gray snapper and of the f schoolmaster * 
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116 0 

15 6 

IS 0 

60 7 

Neomaeius apodus 

1 

10 

11 195 

225 ! 

126 0 

17 3 

17 2 

64 5 


This agieement in the 4 arious substances might also be taken 
to support the belief of the systematists that these two species 
ate closely related 


COMPARISON BETWEEN THE GRA\ SNAPPER AND THE ALBINO RAT 
IN REGARD TO THE CHEMICAL COMPOSITION OF THE BRAIN 

In order to compare the data on the chemical composition of 
the bram m the gray snapper with those foi the bram of the 
albino rat, table 7 was piepared The entries for the fish are 
based on tables 5 and 6, w hile the data on the albino rat w r ere 
obtained from an earlier paper (Hatai, T7) 

Wien comparison is made betw een the fish bram and the en- 
tire bram of the albino rat, we find a distinct difference m regard 
to the content of the total nitrogen and of the nitrogen m the 
lipoids, as well as m the total amount of the ether-alcohol ex- 
tractive materials These differences must undoubtedly be 
correlated with anatomical differences .n the two forms of the 
brains In the rat we find a well developed cerebrum and cere- 
bellum m which the myelinated nerve fibers are relatively less 
than in the stem, while the cell bodies are more abundant On 
the other hand m these fish brains w r e find a mere trace of the 
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TA0LE 7 

Vron mg the companion oj the gray mapper tnl h the albt no rat i n regar l to the chemi 
cal composition of thur brum* 
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cercbi urn and cerebellum tomptred with the mzo of the stem 
m which the myelinated none fibril are abundant Conse- 
quently we should expect a higher \aluc of the total nitrogen 
in the rat brain than m the fish brain, since the former possesses 
relatncly a much greater number of cell bodies m thoso two 
well developed parts, the cerebrum and cerebellum At the 
same tunc the rat brmn ought to giv e relativ ely a less amount 
of lipoids, owing to tihe greater abundance of the gray matter 
in the predominant parts In the fish brain the insignificant 
grow tli of the cerebrum and cerebellum makes the stem of the 
brmn relatively predominant m the quantitative relations, and 
since the stem is the portion of the brain m which the myelinated 
fibers are mostly found, we should expect the percentage value 
of the hpoid fraction in the fi^h brmn to be relatncly lughcr 
limn in the rat 
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If w e compare now the entire brain of the snapper with the 
stem of the albino rat brain (table 7) we notice a suipnsmgly 
close similarity This we should expect since as was already 
stated the fish bram is practically represented by the stem, since 
the cerebral and cerebellar portions are relatively insignificant 
Thus we notice the practical identity m the percentage values 
of the total nitrogen, hpoid nitrogen, and the amount of the 
lipoids The percentage of w r ater in the stem of the rat is how^- 
ever far less than m the entire bram of the fish w r hich may be 
accounted for by the fact that in the bram of the fish the cere- 
brum and the cerebellum, though small in relative quantity, 
ne^ ertheless are composed of structures rich in water, and thus 
bring the value of the w r ater higher m the fish than m the stem 
alone of the albino rat brain 

The nitrogen content of the hpoid is shghtly higher m the fish 
brain than in the albino rat brain, though almost identical with 
that in the stem This difference may be due to the quantita- 
trv e difference m the proportion of various hpoids m which the 
mtrogen content is not the same 

I now wash to consider the partition of the non-protein nitro- 
gen in the fish bram compared with the bram of the albino rat As 
w ill be seen from table 7 the content of the non-protem mtrogen is 
considerably greater m the fish than m the rat bram We also 
notice that the greater part of the non-protem nitrogen is repre- 
sented by the mtrogen of the ammo acids The mtrogen values 
given by both the urea and ammonia are small and are practi- 
calty identical both in the fish and rat The greater amount of 
\non-protem mtrogen found m the fish bram in comparison to the 
kat is mterestmg, though I am unable to explain this difference 
satisfactorily I wash however to call attention to Uvo factors 
wllfch may have some bearing on the difference just noted 

1 It seems probable that on account of the low grade of or- 
ganization of the fish bram the physical consistence of the nervous 
system ma 3 r not be as stable as that of the more highly organized 
mammalian nervous system, and thus the wear and tear process 
ma} be greater and produce a correspondingly greater amount 
of waste products in the fish bram 
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2 According to Fohn and Dcms ('14) the normnl human blood 
contains, on the average of four cn^es, 32 milligrams of non- 
protein nitrogen per 100 cc of blood, while Wilson and Ydolph 
(’17) found m the blood of \anous fresh water fish much higher 
\ alucs for the non-protein nitrogen (42 mgms per 100 cc ) than 
m the human blood, and furthermore tlie^e investigator^ found 
a greater fraction of the non-protein nitrogen was represented 
b} the nitrogen of amino acids (23 mgms per 100 cc or about 
55 per cent of the total non protein nitrogen) Thus mj own 
observations on the fish brain closclv agree with those of Wilson 
and Adolph on the fish blood, so far as the relative abundance 
of the non-protein nitrogen is concerned, ns well ns in the relation 
of the ammo acid nitrogen to the total non-protein nitrogen 

Denis (*1 3— 7 14) found also a considerablj greater amount of 
non protein nitrogen in the blood of marine fishes when con- 
trasted with human blood Denis found b2 mgms of non pro- 
tein nitrogen per 100 cc of blood (n\ erage of 10 species of teleosts) 
and as high as 1087 mgms in the case of the elasmobranchs 
(av erage of tliree species) Thus the greater abundance of the 
non-protem nitrogen in the fish blood, accompanied b} a slow 
circulation, might be largely responsible for a greater accumu- 
lation of the non-protein nitrogenous extractive substances in 
the fish brain 

sumvi vm 

The gra> snapper, Neomacms griseus, was mamlj used for 
the present investigation The following are the more impor- 
tant facts brought out 

1 The relation between brain weight and bodj length is prac- 
tical!} linear 1 Ins linear relation appears in the fish as small 
as 150 mm m length The fish ynallcr than 150 nun were not 
studied because thev could not be obtained 

2 The percentage of water m the brain \ nncs v erv little from 

small to large (botlj length 88 mm to 1*18 nun ) \ similar 

relation was observed b} Donaldson ( Oa) m the brain of the 
summer flounder and bj Scott (*12) in the brain of the smooth 
dogfish 1 he prob iblo explanation is that the process of m> e 



